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PREFACE

This report provides information that was developed and presented in
draft form in FY 1988. Several follow-on studies have since been performed
which addressed key items and recommendations made in this report. The report
"Assessment of Double-Shell Tank Waste Pretreatment Options,” WHC-SP-0464
{(March 1989) summarizes this information. The conclusions and
recommendations in WHC-SP-0464 support the majority of those presented in
this report. Consequently, this report has not been updated to incorporate
any changes to major assumptions, e.g., those associated with operational
schedules, milestones, and costs. Issuance of this report in final form
provides detailed background information and bases that support the more
recent studies.
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PROCESS AND FACILITY OPTIONS FOR PRETREATMENT
OF HANFORD TANK WASTE

1.0 INTRODUCTION

An engineering study was performed in 1983 to define and evaluate
options for preparing existing and future Hanford Site double-shell tank
(DST) wastes for final disposal operations (Schulz, Sloughter, Kupfer 1983).
The study determined preferred waste treatment processes and facilities.
Three preferred flowsheets for preparing feeds to immobilization facilities
from candidate DST wastes were derived by applying screening criteria to
80 processing options. The study cited significant economic and
technological advantages for upgrading the existing B Plant facility tao
start the feed pretreatment operations as quickly as possible. The study
2150 favored early startup of & facility to begin immobilization and near-
surface disposal of low-level waste (LLW)}, and early startup of a facility
to vitrify high-level waste (HLW) for disposal in a HLW repository.

Since the 1983 study, additional technological information, including
the following, has been generated that can influence the plans for treatment
and disposal of Hanford Site tank wastes.

e Characteristics of existing wastes and updated projections of
future waste quantities and compositions have been obtained.

s Development of new process technolegies for reducing the volume of
waste feed to a vitrification process by removing transuranic
(TRU) components from the waste using the transuranic extraction
(TRUEX) procass has progressed.

1-1
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Certain other important events have alsa occurred or are in pragrass:

The U.S. Department of Energy (DOE) has decided to suspend
operations of the N Reactor indefinitely, and to place it in cold
standby.

The Final Environmental Impact Statement for 0isposal of Hanfard
Defense High-Level, Transuranic, and Tank Waste (HOW-£IS)

(DOE 1987) and the Racord of Oecision have been issued. Thesa
documents identify the preferred alternative as grouting LLW and
vitrification of the high-level and TRU fractions. They also
state that an assessment of the need for retrieval, processing,
and disposal of single-shell tank (SST) wastes is required and
that the Hanford Waste Vitrification Plant (HWVP) provide
capability for increasing vitrification capacity in the event that

_procassing of SST wastes is requirad.

Oesign and development of the HWVP is underway. The HWVP is

expected to begin operations in 1999 and potentially as early as
1986, if pratreatment activities can be acceleratad.

Construction of a Grout Treatment Facility (GTF) for converting
LLW to a cementitious solid that will be disposed of in near-
surface vaults was completed in FY 1988. Grouting operations with
actual LLW began in August 1988.

Upgrades te 8 Plant are underway to implement a sludge washing and
solid-Tiquid separation process and ‘*7Cs removal procass to
reduce the amount of neutralized current acid waste (NCAW) sTudge
fed to the HWVP. A demonstration for pretreatment of NCAW is
scheduled in FY 1993, and full scale operations are expected to be
underway at B Plant in FY 1994.

1-2
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e Evolving changes to orders and regulations create potential
impacts on requirements for upgrading and operating existing
processing facilities. Thesa reqgulations create uncertainties in
the ability to extend the B Plant pretreatment mission to other
DST wastes [{.e., Plutonium Finishing Plant (PFP) sludges,
neutralized cladding removal waste (NCRW), and compiexant
concentrate (CC)] and SST wastes.

The current Hanford Waste Management Plan (HWMP) (DOE-RL 1987a)
provides a preferred plan for treatment and disposal of Hanford Site wastes.
Much of the new information that has been acquired since the 1983
engineering study (Schulz, Sloughter, Kupfer 1983) has been used to develop
this plan, The Hanford Waste Management Technology Plan (HWMTP)

(DOE-RL 1987b) identifies the necessary technology development regquired to
implement the waste disposal alternatives presented in the HWMP. These
plans and the recent events and progress on waste management activities are
reflected in this study. The current planning baseline described in the
HWMP and HWMTP for pretreatment of Hanford Site DST waste is as follows.

® Pretreatment processing of DST wastes will be performed in the
B Plant Facility.

e NCAW sludge will be washed in 8 Plant, and the washed siudge will
be vitrified at the HWVP. The supernatant will undergo
radiocesium removal followed by grouting for disposal as LLW in
near-surface engineered vaults.

e Wastes in other DSTs (i.e., PFP sludge, NCRW, and CC) will be
treated in B Plant using the TRUEX process to remove the TRU
cemponents. The TRU fraction and HLW fraction will be vitrified
at the HWVP and will be disposed of in a geologic repository. The
LLW fraction will be incorporated into grout for disposal in near-
surface engineered vaults.

1-3
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This report provides a reassessment of process and facility options for
treating Hanford Site tank wastes for immobilization and final disposal.
The reassessment is made in light of the recent technolagical developments
and events Tisted above. Currently known process options for treatment and
fmmobilization of DST and SST wastes, new and existing facilities for
performing the processing operations, and the timing and capacity of needed
fead pretreatment facilities are evaluated. The processing and Facility
options that are of reasonable cost and technical certainty are identified,
and a preferred waste treatment and facility option is recommended. Major
issues pertaining to both waste procassing and facility options ara
tdentified, and appropriate development requirements to help resolve these
issues are defined.
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2.0 SUMMARY AND RECOMMENDATIONS

The reassessment of the DST waste pretreatment process and facility
options is summarized in this section. A preferred waste pretreatment option
is presented and recommendations to confirm the technical basis for the
preferred option are provided.

2.1 SUMMARY

This report provides an assessment of process and facility options for
treating Hanford Site tank wastes for immobilization and final disposal.
This assessment is an update of an earlier study by Schulz, Sloughter, and
Kupfer 1983. The report evaluates various pretreatment process and facility
alternatives for DST and SST wastes. The Hanford Site DST wastes included
in the scope of this study are as follows:

o DST Wastes

Neutralized Current Acid Waste (NCAW)

Complexant Concentrate (CC)

Plutonium Finishing Plant (PFP} Sludges

Transuranic Neutralized Cladding Removal Waste (NCRW).

The impact of a decision to retrieve and process SST wastes on the DST
waste pretreatment program is also addressed.

Two processing alternatives are considered for the wastes:

¢ Separation of solids or sludges from supernatant liquids and washing
of solids with water to remove soluble salts

2-1



SD-WM-TA-015 REV 0

e Solid-liquid separations and reduction of the volume of waste
requiring vitrification by dissolving the sludges and removing
TRU components from the acidic waste solutions using the TRUEX
process.

This study examines a range of pretreatment process options available
from sludge washing all DST wastes to TRUEX processing all DST wastes.
Intermediate process options evaluated are sludge washing of NCAW or PFP
selids only and TRUEX processing of the remaining three waste types.

In addition, compiexant destruction of CC supernatant and removal of
137Cs from NCAW supernatant are assumed to be required for both the solids
washing and TRUEX alternatives. Removal of 99Sr from TRUEX process raffinate
is also required for alternatives that utilize the TRUEX process for NCAW
pretreatment.

Four facility options are identified as possible locations where TRUEX
procass pretreatment operations could be perfarmed:

o B Plant
o PUREX Facility

A new stand-algne facility

An expanded HWVP facility,

Two facility options are identified as possible locations where solids
washing operations could be performed:

¢ B Plant

e In double-shell tanks.

2-2
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The current baseline plan in the Hanford Waste Management Plan for
treatment of DST waste shows: (a) NCAW sludge solids will be washed in
B Plant; (b) the TRUEX process will be applied to the other candidate DST
wastes at B Plant; (c¢) the TRU and HLW fractions of the DST waste will be
vitrified at the HWVP using a melter with a throughput capacity. of 45 kg
glass per hour; (d) the vitrified wastes will be disposed of in a HLW
repository; and (e) the LLW will be immobilized in grout and disposed of in
near-surface engineered vaults. The approximate total cost for completion
of the baseline mission is $3.4 billion. This report reassesses the current
baseline plan and provides the basis for confirming or recommending changes
to the present plan.

The results of this study indicate a significant reduction of total DST
waste treatment and disposal mission costs (from the current baseline plan)
can potentially be achieved. The costs can be reduced by:

o Increasing the HWVP vitrification capacity

® Providing TRUEX process capacity to support the vitrification
capacity

o Using double-shell tanks instead of B Plant for washing NCAW sludge
solids

¢ Implementing the TRUEX process on an accelerated basis in B Plant
for treatment of the remaining DST wastes.

A marked reduction in waste pretreatment and vitrification operation
costs result if the HWVP vitrifies all waste using a 100 kg/h melter rather
than a 45 kg/h melter, and the throughput of the TRUEX process pretreatment
facility is sized to support operation of the large capacity melter. The
HWVP facility is designed to accommodate the 100 kg/h melter when required.
Present plans call for initial operations with a 45 kg/h melter. Processing

2-3
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all candidate DST wastes with the 100 kg/h melter and higher throughput
TRUEX process equipment reduces mission costs up to $250 million compared to
utilization of the 45 kg/h melter in the baseline plan.

This study also identifies an alternate NCAW sludge washing scenario -
that has additional mission cost savings of $250 million. In the alternate
NCAW sTudge washing scenario, NCAW sludge is washed in a DST in lieu of
washing NCAW in B Plant. The TRUEX process is applied to the remaining OST
waste in B Plant. Because of the recent decision to place N Reactor in cold
standby, the last irradiation of N Reactor fuel was in late 1986 and the
resulting NCAW will be approximately 10-yr aged waste in the mid 1990s. Aged
NCAW and lower decay heat in the sludge may allow the use of existing DSTs
for settle-decant washing of NCAW sludge instead of the small 19,000 L
{5,000 gal) B8 PTant tanks ariginally specified for higher heat content NCAW.
The operational times and expenditures required for in-tank washing of NCAW
sTudge are significantly less than washing NCAW in small volume B Plant
tanks. In-tank washing of NCAW sludge enables continuous HWVP operations by
providing feedstock to HWVP while other DST wastes are being treated at
B Plant. The B Plant facility would continue to provide '37Cs removal from
NCAW supernatant. The comhination of in-tank NCAW sludge washing with the
action of increasing HWVP vitrification and B Plant TRUEX processing capacity
eliminates HWVP standby time and minimizes operational costs. Washing NCAW
sTudge in a DST instead of B Plant requires a three year acceleration of the
TRUEX process installation in B Plant (1994 line item) to maximize cost
savings. An engineering analyses is required to confirm the feasibility of
washing NCAW in a DST.

The potential cost reduction over the current baseline case for
incorporating the facility optimization actions described above is summarized
in Table 2-1. The potential total cost reduction is approximately
$500 miTTion from the $3.4 billion baseline case.

2-4
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Table 2-1. Preferred Pretreatment Option -
Potential Cost Reduction.

Cost reductiona
Action millions of
FY 1988 doilars

1. Increase TRUEX and vitrification capacity 250
2. Sludge wash NCAW in DST 250
Total 500
2 From baseline cost of $3,400 million. PSTES-3209-2:1

The study indicates small cost increases, up to $100 million, for using
alternate facilities instead of B Plant for pretreating DST wastes using the
TRUEX process. The cost for using an expanded HWVP is approximately the
same as for using B Plant, provided a commitment is made prior to freezing
the HWVP design (March 1989). The expanded HWVP would require an increase
in the HWVP project cost and schedule. The probability of this decision
being made within 6 mo of issuance of this report with no net cost incentive
is Tow. The use of the existing PUREX facility following completion of
reprocessing the existing N Reactor fuel inventory is projected to increase
total program costs by $50 million. The availability of the PUREX facitity
for pretreatment processing is contingent upon changing the N Reactor cold
standby status to a shutdown status. The use of a new stand-alone facility
increases total program costs by approximately $100 miilion over B Plant
costs. A new stand-alone facility could not be in operation before FY 2001
(with a 1994 Tine item). A Toss in continuity of HWVP operations would
result with a delay in completion of the vitrification operation by
approximately 2 yr. Both the PUREX and new stand-alone facility options
require a decision by October 1990 for a 1994 line item or the projected
costs will increase even further.

2-5
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A summary of canisters of glass, operating times, and total costs for
the treatment of 0ST wastes at the B Plant facility for the range of process
options evaluated in this report is provided in Table 2-2. Tha two lowest
cost alternatives, "Sludge Wash PFP in a 0ST and TRUEX Remainder" and "TRUEX
all DST Waste," assume that the TRUEX process will be used for NCAW sludge.
Use of the TRUEX process for NCAW sludge requires development of technology
by October 1990 for removal of *°Sr from acidic TRUEX raffinate to meet
current grout disposal requirements. A strontium removal technology
development program is not currently scheduled and the probability of having
the technology basis available within 2 yr is law. The praferred option
identified in this report (7.e., "STudge Wash NCAW in a DST and TRUEX
Remainder") is the lowest cost process. alternative that does not require
strontium removal from acidic TRUEX procass raffinate.

Table 2-2. Double-Sheil Tank Waste Pretreatment
B Plant Process Alternates.

o Tatal cost, millions
Operatingtime | ,¢'ey 1988 dollars

) {yr)
. Canisters
Process scenario of glass HLW HLW and
B Plant | HWVP | disposal diggiapszla

Basaline 45 kg/ht meiter

Sludge wash NCAW in 8 Plant; 1,560 14.5 14 3,400 3,250
TRUEX remainder

Increased dissolver capacity, 100 kg/h meiter

Sludge wash NCAW in B Plant; 3,350 12 11 3,800 3,200
Sludge wash PFP and NCRW in DST;
Complexant destruction of CCin B Plant

Sludge wash all wastein DSTP 3,350 - 11 3,400 2.800
Sludge wash NCAW in B Plant; 1,560 10.5 3 3,150 3,000
TRUEX remainder
Sludge wash NCAW in DST; 1,560 & 5 2,900 2,750
TRUEX remainder<

1 sludge wash PFP in DST; 1,500 6 5 2,850 2,600
TRUEX remainder
TRUEX all waste 1,200 7 4 2,750 2,600

avitrified NCRW and PFP waste disposed at the WIPP. P5TAE.1209-2-2

bAssumes complexant destruction of CCis done in DST.
<Praferred option.

2-6
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Table 2-2 also identifies the potential cost reduction for disposal of
TRU classification wastes at the Waste Isolation Pilot Plant (WIPP) rather
than a high-Tevel waste repository. The cost of transportation and disposal
of waste canisters of glass in the WIPP is significantly less than disposal
of canisters in a high-level repository. The potential cost reduction for
disposal of candidate TRU wastes (PFP wastes and NCRW) at the WIPP rather
than a HLW repository is $150 to 600 million for the process alternatives
shown in Table 2-2. The potential cost reduction of WIPP disposal for the
preferred option identified by this report is $150 million. The WIPP disposal
option should be actively pursued for the candidate wastes most Tikely to
gain acceptance at the WIPP as TRU waste; (i.e., PFP wastes and NCRW).

Several regulatory issues which have potential significant impacts on
both process and facility options have been identified.

o NRC Concurrence that Grout is LLW--The Nuclear Regulatory Commission
(NRC) 1is concerned that some of the DST waste planned for disposal
in near surface grout vaults could be high-level wastes as defined

by 10 CFR 60 and would therefore have to be licensed by the NRC
for disposal. To attain NRC concurrence that grout disposed

near-surface is not HLW, (i.e., it is LLW)}, it may be desirable to
reduce the concentrations of radionuclides in grouts to
significantly Tower levels than those defined by the current grout
criteria. Radionuclide concentrations in the grout meet Class C
LLW levels (10 CFR 61); however, preparation of grouts with
radionuclide contents comparable to Class A LLW levels may be
deemed desirable. The primary radionuclides considered for
additional removal are 9%9Sr, 137Cs, and the TRU components.

A significant development program and major pretreatment process
changes will be required to reduce radionuclide contents of waste
supernatants to grout by a factor of 10 or more. Because of the
significant impact that reduction of grout radionuclide
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concentrations to levels comparable to 10 CFR 61 Class A LLW could
have on the DST pretreatment program, early identification of
available options and the effects on cost and schedule should be
determined.

¢ B Plant Requlatory Compliance--The Department of Energy (DOE)
Order 6430.1A identifies criteria for new facilities or additions
to existing facilities. Compliance to the 6430.1A criteria is
voluntary for existing facilities and DOE-RL determines the degree
of compliance required for operating the existing B Plant facility.
The current B Plant safety analysis concludes that no credible
accident would result in exceeding the offsite release Timits.
This study determined that 8 Plant upgrades to attain full DOE
Order 6430.1A compliance could require approximately $160 million
capital and result in a construction outage of 3 to 5 yr. The
total capital and operating program cost would increase
approximately $400 million for a full 6430.1A compliance B Plant
upgrade. Lower cost compliance options are a FY 1994 line item

for a new standalone facility or an expanded HWVP. Delay of the
expanded HWVP decision beyond 1989 would result in increased costs.

In-tank washing NCAW sludge and use of a new standalone facility
for pretreating the remaining wastes using the TRUEX process would
increase total program costs $100 to 150 million over the preferred
option. Imposing DOE Order 6430.1A compliance on B Plant for the

& yr of operation required for the preferred option will delay the
completion of the vitrification program and has significant cost
impact.*

*An assessment of the viability of B Plant to perform the waste
management mission was summarized in WHC 1989, subsequent to preparation of
this report. The areas investigated included (1) an evaluation of compliance
with DOE, Washington State, and federal regulations; (2) a preliminary
accident analysis; (3) a natural forces evaluation to determine the facility
structural response to a seismic event; and (4) a life-extension analysis to
examine the facility for aging effects. No issues were found that would
permit B Plant from completing the pretreatment mission. The viability
evaluations identified an additional $14 million in upgrades required to
bring the facility to a condition that complies with DOE design criteria,
safety, and environmental orders.

2-8
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Retrieval of Single Shell Tank Wastes--If a future decision is

made to retrieve and process SST wastes for geolegic dispesal, the
ability to extend the DST pretreatment mission in existing
facilities (i.e., B Plant) to SST wastes is a major issue. Retrieval
of all 149 SSTs would require extending the B Plant operations

from 6 yr DST waste processing to a minimum of 30 yr (DST waste
plus S5T waste processing). The ability to operate a production
facility for 30 yr without approaching full 6430.1A compliance is
deemed uniikely. The decision to retrjeve a significant portion

of the Hanford SST wastes would result in recommending construction
of a new stand-alone pretreatment facility as being more cost
effective than upgrading B Plant to full 6430.1A compliance. If a
decision is made prior to 1994 to retrieve SST wastes, cost savings
may be realized by accelerating startup of the new standalone
facility and processing a portion of the DST wastes in the new
facility rather than in B Plant.

Several key technical issues which have a large and important bearing

on both waste process and chi1ity options have been identified. These
issues generally relate to the need for characterization of the candidate

waste feeds and for pretreatment process development efforts.

Can the TRUEX process be successfully applied to Hanford DST and
SST waste?

An enhanced development program is needed to verify the capability
of the TRUEX process to remove TRU components from candidate waste
solutions to <100 nCi/g. Adequate flowsheets must be developed to
define operating parameters and support design efforts.

How much sTudge will dissolve and what is the impact on
vitrification and grout waste forms?

Variations from the sludge dissolution assumptions used in this
study will directly affect the number of canisters of glass that

2-9
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would be generated. Pretreatment facility equipment sizing and
processing throughputs would be directly affected. The disposal
costs for each waste type would also be affected which could in
turn affect the preferred pretreatment process and facility
option. Laboratory-scale tests need to be performed as soon as
possible using representative waste samples to obtain dissolution
data and optimize dissolution parameters,

What is the effect of waste treatment on Waste Form Qualification?

As part of the Waste Form Qualification (WFQ) effort, development
of laboratory and bench-scale testing must be performed as soon as
possible to address the impacts of application of the TRUEX proceass
on PFP, CC and NCRW waste feeds to the vitrification process.

Can the NCAW sludge be successfully washed in a DST?

The proposed washing of NCAW sludge in existing DSTs requires a
technical analysis to assure that there are no safety issues as a
result of excessive temperatures in the settled sludge. The current

programs for waste retrieval and solids washing need to be reviewed
and modified if necessary to support NCAW washing in a DST. The
impact of washing NCAW sTudge in a DST on waste volume projection
and tank space availability in the 1990s needs to be detarmined.

What is the effect of a decision to reduce radionuclide
concentrations in the grout feed?

The processes proposed for the current baseline plan or the
prefarred option do not currently produce grout feed with
radionuclide concentrations comparable to Class A LLW (10 CFR 61)
limits. Reducing radionuclide concentrations would Tikely require
extensive pretreatment process and facility changes. An engineering
study to evaluate process and facility options and definition of
development requirements to produce lower radionuclide
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concentrations in the grout feed from the pretfeatment praocess is
required. An initial assessment of a decision to reduce
radionuclide concentration in grout indicates that use of existing
Savannah River Plant (SRP) technology and sludge washing may be
required and could increase DST waste disposal program costs by
approximately $600 million.

In summary, this reassessment of DST waste pretreatment process and.
facility options concludes that:

® The process of washing NCAW sludge and application of the TRUEX
1 process for PFP, CC and NCRW remains the most cost effective process

o with the Teast technical risk

¢ Facility utilization can be optimized to significantly reduce DST

L . . .
waste treatment and disposal -costs, with a potential of up to
$500 million in cost reductions from the current baseline plan
- » The planned B Plant NCAW sludge washing demonstration supports
~ both the current baseline plan and the preferred option. Near-

term B Plant program costs and schedules through FY 1993 would not
be affected.
2.2 RECOMMENDATIONS

It is recommended that the following actions be taken, by October 1990,
to confirm the technical basis for the "Preferred Option:"

¢ Maintain the current B Plant program to demonstrate washing of
NCAW sTudge

® Plan for installation of a 100 kg/h melter at HWVP startup, and
maximize TRUEX process capacity at B Plant to the extent possible
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e Perform work necessary to resolve by October 1990 the decisions
for washing NCAW in-tank and committing to a 1994 TRUEX Tine item

o Perform laboratory studies and engineering analyses to evaluate
the programmatic impact of reducing the radionuclide concentrations
in LLW grout. '

A decision analysis approach was utilized in this report which
graphically depicts on a time scale the technical and programmatic decisions
required to arrive at a viable OST pretreatment system. The alternate paths
through the Togic tree resuit in the process and facility options described
in this report. The logic tree identifies the technology required to arrive
at the preferred pretreatment option and also identifies the backup options.
Following are the necessary supporting engineering and development efforts
that must be pursued in FY 1989 and FY 1990 to resolve the decisian points
and confirm the preferred option.

e Accelerate characterization of candidate wastes to the pretreatment
processes--particularly PFP and CC wastes.

o Initiate development of technology for dissolution of waste sludges.
Begin development of TRUEX process flowsheets.

¢ Begin development of methodology for destroying complexants in
acidic TRUEX process raffinate.

o Develop a preliminary approach for removal of selected key
radionuclides from grout feed.

® Perform an engineering study to define the impact on the

pretreatment and vitrification program of a decision to reduce
radionuclide concentrations in grout.
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Develop plans for obtaining 400 kg samples of acid washed PFP, CC,
and NCRW solids in B Plant by 1996 in support of the HWVP WFQ
effort.

Perform preconceptual design of the increased capacity TRUEX process
in B Plant as a 1994 line item.

Support DOE in definition of B Plant DOE Order 6430.1A compliance
levels.,

Evaluate by March 1989 the impact on the HWVP project of increasing
the melter throughput from 45 kg/h to 100 kg/h.

Evaluate the heat transfer and safety aspects of washing NCAW
sludge in a DST.

Evaluate the implications of in-tank NCAW siudge washing on waste
retrieval requirements, and on tank farm space requirements and
availability.

Begin efforts to determine acceptability of PFP and NCRW waste
forms at the WIPP.
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3.0 WASTE DESCRIPTICN

Preliminary process flow sheets have been developed for the major
processing options for each type of defense waste stored in underground

tanks (Appendix A).

are given in this section.

CC, NCRW, and SST sludge and salt cake.

The waste compositions used to develop these flowsheets
Waste types evaluated include NCAW, PFP waste,

A brief description and volume of

each waste type 'is given in Table 3-1.

Table 3-1. Volume and Description of Waste Types.*

Waste type

Volume m3

Description

NCAW

7,040 m3 (1,860 kgal)
sludge and
supernatant

Neutralized current acid waste generated by the
co-decontamination cycle of the PUREX process (includes
siudge and supernatant based on 926 L/MTU-7,607 MTU
totai)

92,400 m3 sait cake

PFP 1,460 m3 (387 kgal) Solids stored in tank 102-5Y in the 200 West area from
sludge Plutonium Finishing Plant, T Plant, and S Plant operations
(inctudes sludge only, no supernatant)
NCRW 3,010 m3 {796 kgal) Neutralized cladding removal waste generated from
siudge dissolution of Zircaloy-cladding from N Reactor fuel.
Assumes TRU waste generation will be aliminated by the
end of FY 1989
cC 16,100 m3 (4,270 kgal) | Compiexant concentrate greater than 10 g/L of erganic
supernatant and compiexants. Excludes any future salt well liquid that may
siudge be complexed in 55Ts
5STwaste | 45,700 m3 sludge Single-shell tank waste of which none, some, or all of total

volume may be retrieved for pretreatment and disposal

*Recent information (Riley et al. 1988a) projects a siight reduction in volume and siightly
different compositions for some waste types. Because these new projections will change glass
volumes and grout volume projections onty slightly, they do not impact the results or conclusionsin

this report.

P5E8-3209-3-1
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3.1 NEUTRALIZED CURRENT ACID WASTE

Neutralized current acid waste is generatad by the addition of NaOH to
the agueous raffinate from the decontamination cycle of the PUREX Plant.
After neutralization, the NCAW is stored in aging waste tanks TK 101-AZ and
TK 102-AZ.

Gibson and Landeene (1987) provide an analysis from a blend of
TK 101-AZ samples. The analyses ara based on 20 vol% of settled solids.
The NCAW composition is given in Table 3-2. With N Reactor placed in safe
standby status, the total volume of NCAW is significantly reduced from
previous projections. Ludowise (1988) estimateas that 7,607 Metric Tons
Uranium (MTU)} of fuel will be processed in PUREX. This projection includes
1,377 equivalent MTU of Fast Flux Test Facility (FFTF) fuel and S1 MTU of
pressurized water reactor (PWR) fuel processed in FY 1993. At 926 L of
concantrated waste per MTU (245 gal/MTU)} (Riley 1988hL), 7,040 m?
(1.86 x 10°% gal) of NCAW will be generated.

3.2 PLUTONIUM FINISHING PLANT SLUDGE

Plutonium Finishing Plant sludge is stored in Tank 102-SY in the
200 West Area. GQther contributing sources of Tank 102-SY are fram
operations of T Plant and S Plant. After wastes are deposited in the tank,
the supernatant is decanted and transferred to 200 East Area whers it is
concentrated to double-shell-slurry feed. The remaining sludge and a small
portion of the supernatant ars accumulated in the tank for future treatment
and disposal. The compositions of the combined sludge and supernatant and
the distribution of each of the slements with the decanted supernatant, the
sludge, and the supernatant remaining after decant are given in Table 3-3.

3-2



[l

{r-—n

SD-WM-TA-015 REV O

Table 3-2. Composition
of Neutralized Current
Acid Waste.2

Component. | “TeTH "
OH- 1.57
F 0.136
NC; 0.675
NO3 2.67
5042 0.235
COy33 0.361
Na+ 7.85
AlO; 0.785
Cr+3 0.019
Fa+3 0.104
Zr-4 0.069
K~ 0.188
Component C°”C?g/tLr)ation
v 1.45
TOCH 2.67
23%Py 0.0041
241Am 0.0040
Z37Np 0.0180
Componeant COHC(eCriIIt{)ation
905r-30Y 3.66
137Cs-1378a 311
106Ru-106RN 0.078
142Ce-144Pr 0.274

aGibson and Landeene,
1987, based on 926 L. of
concentrated waste/MTU.
bTotal Organic Carbon.
PST83.3209-3-2
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Table 3-3. Compositions and Valumes of Plutonium
Finishing Plant Wasta.
C?mponent Combhined sludge | Decanted Siudge Remaining
g-mal/L} and supernatant | supernatant supernatant
o] 1.105 RS 1.028 1.105
Na+ 1.900 1.910 1.768 1.900
AlQy- 0.189 0.179 0.323 0.189
$Q0a~ 8.100 0.100 0.093 Q.100
F. 0.099 0.100 0.092 0.099
Ca(OH)3 0.008 0.000 0.109 0.008
Mg(OH), 0.010 0.00Q: 0.141 0.010
Fe(QOH)3 0.012 0.000 0.173 0.012
Mn(OM); 0.003 0.009 0.049 0.003
Cr (soluble) 2.041 0.000 0.590 0.041
NQ3-& NO;- 0.684 0.638 0.637 0.684
Corrzponent Combined sludge |. Decanted Sludge Remaining
g/L) and supernatant | supernatant supernatant
u - 4.80E-04 0.000 0.007 4,80 E-04
Pu 4.90 £-03 0.00Q 0.070Q 4.90 E-03
Am 4.20E£-04 0.0069 0.Q06 4,20 E-0=
Cor?gonent Combined sludge | Decanted Siudge Remaining
N and supernatant | supernatant supernatant
0SrY 0.004 0.000 0.00s 0.004
137Cs8a 0.003 0.003 0.002 0.003
Stream vai 21,400 19,580 1,460 380
(m3)

#4T88-3209-3-3
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The composition of PFP sludges is based on the 488 m® (129,000 gal) of
sludge that existed in the tank prior to 1987 and the projections of 975 md
{258,000 gal) of sludge for 1987 and beyond. Bratzel (1985) reports the
analytical results of dip samples used to provide the basis of the existing
sludge. Because the projections for 1987 and beyond do not provide separate
analyses for the sludge and supernatant, assumptions on the distribution of
components to the sludge and supernatant had to be made. Ions such as Nat,
A10,, OH™, S0,7% and F~ are assumed to be distributed evenly between the
supernatant and the interstitial liquids in the sludge. In addition, a
small fraction of these soluble ions are assumed to settle with the solids
in the sludge. This fraction is based on the wash factors shown in Table 3-4
(Gibson 1987). All of the relatively insoluble ijons such as calcium,
magnesium, iron, manganese, and noncomplexed chromium, are assumed to settle

with the sludge.

Table 3-4. Wash Factors
Usad to Determine Distri-
bution of Soluble lons in
Plutonium Finishing Plant
Studge (Gibson 1987).

Wash factors
Sqluble

ion Soluble | insoluble
fraction fraction

Na =~ 98.6% 1.4%

AlQ;- 93% 7.0%

F- 98.6% 1.4%

$Og-2 98.5% 1.4%

QOH- 98.6% 1.4%

F5TRS-3209-3-4

3-5



SD-WM-TA-015 REV 0

3.3 COMPLEXANT CONCENTRATE

Complexant Concentrate is a TRU waste containing greater than 10 g/L of
organic complexants (Riley 1988b). Caomplexants are primarily composed of
degradation products of (EDTA) (C,,H,,0.N,), (HEDTA) (C,.H,,0,N,), citric
acid (C,0,H,), and oxalic acid (C,0,H,) (Kurath 1985). The CC is praesently
stored in five 0STs: 102-AN, 107-AN, and 101-AY in the 200 East Area and
101-SY and 103-SY in the 200 West Area.

The composition of CC is given in Table 3-5. It is composed of
15,800 m* (4,180,000 gal) of supernatant and 352 m* (93,000 gal) of sludge.
Except for sodium in the CC sludge, the compositions of the supernatant and
sludge are basad on the 1988 version of the Wasta Generatian and Process
Rates with Volume Reduction Factors draft report (Riley 1988b). The
concentration of sodium solids is based on a composite of analyses from
tanks 107-AN and 102-AN and an assumed concentration of 10 wt% fram
tank 101-AY (Kurath 1985). The assumed compositions exclude any future
salt-waell liquid that may be complexed.

No data are given for sulfur content in the sludge. Because some
sulfur in the supernatant should be associated with the sludge, a basis for
quantifying the amount of sulfur in the sludge was developed. Wash
efficiency factors reported by Gibson (1987) for NCAW were assumed for
determining the percentage of sulfur associated with the sludge.

Since the allowable sulfur concentration in wasta feed to the
vitrification process is quite low, verification of sulfur concentration in
the sludge is important and should be an objective of future
characterization work.

3-6
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Tﬁb1e 3-5.

Composition and

Volume of Complexed
Concentrate Waste.
(Sheet 1 of 2)

C?::‘;T:ﬁ? t Totat | Sludge Supérnata nt
OH- 0543 | 5.258 0.146
Na 10,151 { 3.444 10.300
Al 0.713 0.944 0.708
Fe 0.045 1.342 0.016
Mg 0.014 | 0.589 0.001
Mo 0005 | 0027 | o004
Cr 0.018 0.241 0.013
Mn 0.019 0.3a1 0.0%2
Ca 0.016 | 0.138 0.013
P 0.001 0.000 0.001
Zr 0.002 0.042 1.23 E-03
Si 0.110 4933 0.003
8a 0.060 0.0t7 0.000
La 0.003 | 0.087 0.001
Nt 0.008 0019 0.007
50, 0.095 0.061 0.097
F- 0.123 0.000 0.1286
NO3-& NO;- | 4.559 | 0.000 4.660
PO 3 0.045 0.000 0.046
€Oy 0.921 0.135 Q.938
c- 0.119 0.000 0.122
Co":;i;'em Total | Sludge | Supernatant
TOC 385 34.63 38.6
PSTES.320943.5
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Table 3-5. Compesition and
VoTume of Complexed
Concantrate Waste.

(Sheet 2 of 2)

COTCF:‘:':::;EM Tatal | Siudge | Supernatant
Pu 508041 0.004 4,15E-04
Eu 4.005 ¢.000 §5.03 £-03
Am 0.001 0.018 433804
ase 0.1386 0.0Q0 0.13¢9
137¢s 0.358 0.000 0.366
R0Co 0.001 0.600 0.001
Streamvai | 16,141 352 15,789
(m3)

PSTER-3109-1-5
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3.4 NEUTRALIZED CLADDING REMOVAL WASTE

Neutralized ¢ladding removal waste is generated from the dissolution of
zircaloy cladding from N Reactor fuel. The dissolving solution, consisting
of NH,F/NH,NO, (AFAN) and the dissolved cladding material, is neutralized
with NaQOH after being transferred from the dissclver. The waste that is
formed is a slurry consisting predominantly of zirconium, fiuoride and
sodium. The existing sludge is stored in tanks 103-AW and 105-AW.

The NCRW composition is based on Carothers (1987) and is given in
Table 3-6. The composition, based on core and dip samples of pre-1987
sludge, is also assumed for future projected NCRW sludges. The sludge
volume for NCRW generated through FY 1987 was 2,230 m* (550,000 gal).
Original estimates showed that NCRW would no longer be a TRU waste after
1987 because of the incorporation of the rare earth nitrate precipitation
process at the PUREX facility. However, recent projections show that the
cutoff date for no longer generating TRU waste from NCRW will be closer to
the end of FY 1989. According to projections, an additional 779 m*

(206,000 gal) will be generated in 1988 and 1989 (Ludowise 1988).
Consequently, a total volume of 3,010 m* (796,000 gal) of NCRW will need to

be treated in the pretreatment facility.

3.5 SINGLE-SHELL TANK WASTE

The SSTs generally contain a layer of sludge covered with a layer of
salt cake. Salt cake is a mixture of various sodium salts, namely NaNO,,
NaN0,, NaA10,, NaOH, Na,S0, and Na,P0,. [In addition to these salts, sludges
contain hydrated oxides of insoluble metal ions, such as iron, chromium,
nickel, aluminum, cadmium and silicon. Much of the silicon is expected to
have reacted with aiuminates, hydroxides, and NaN0, to form cancrinite,
which is difficult to retrieve. Table 3~7 provides the estimated sludge and
salt cake compositions (Higley and Schulz 1988).

3-9
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TabTle 3-6. Cam-
position and Vol-
ume of MNeutral-
jzed Cladding

Removal Waste.

Sludge
Companaent | compositian
(g-maotiL}
oH- 0.869
Na* 6.709
K- 0.249
AlQe 0.134
F S 296
CA{CH), 0.028
Fe(OH), 0.060
Mn{QOH), 0.030
Cr{OH)y Q027
* La(OH), 0.003 °
Zr{OH), 1 QS0
Sn{QH); 0.008
NO1-& NO;,- 0.793
Component Sludge
{CuL} compasitian
38y .70 E-06
1392400y 8.84 £-0a
aipy 8.11&-03
Hiam 5.47 €-04
EobTad 0.010
137Cs8a 0.03a
Stream vol 3010
{m3)
PITEL-1209-3-6
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Table 3-7. Estimated
Sludge and Saltcake
Compositions in
Single-Shell Tanks.
{Sheet 1 of 2)

Component Sludge | Saltcake

{g-moliL)

NaNO, 5144 | 14333
NaNO, 0.950 a.659
NazCOy 0.351 0.082
NaOH 2.29% 0.742
NaAl0, 0.253 0.449
Na;50, 0.14 0.130
Na3zPO, 1.667 8.157

Cancrinite g.088 0.000

Al{OH} 0.645 0.000
Ca{OH)y 0037 | 0.000
Cr{OH), 0.040 0.000
Cd(OH), 0.001 0.000
Fe(OH), 0.245 0.000
Se(OH), 0.008 0.000
BiPO, 0027 | 0.000
CaCo, 0070 | 0.000
o 0.025 0.000
Hg* 0.000 0.000
F- 0.921 0.003
MnO, 0048 | o0.000
NisFe{CN)g 0.033 0.000
$i0, 0.000 0.000

P,0s'24WO0, | 0000 | 0.000

2r0,2H,0 | 0059 | 0.000

U 0.131 0.000
Th 0.000 0.000
PETRS-3209-3-7
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Table 3-7

. Estimated

STudge and Saltcake
Compesitions in
Single-Shell Tanks.
(Sheet 2 of 2)

c°?;ﬁ;°"‘ Sludge | Saitcake
Miam 1.79% 104 | 0.000
wNp  {102x107{ 0.000
wpy | 7.76x104 | o0.000
mpy  [501x104] 0.000

Voiume(m3) | 45,700 | 92.400

PITER-110%3-7
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There are 149 SSTs at the Hanford Site, and the selection of the type
of treatment (i.e., in-place disposal versus retrieval, pretreatment, and
processing) has been deferred pending further evaluation (Final Hanford
Defense Waste Environmental Impact Statement 1988, Record of Decision 1988).

3-13
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4.0 WASTE TREATMENT PROCESS ALTERNATIVES

Alternatives for pretreatment of DST and SST wastes are described in
this section. The elements, analyses, and results which lTead to the selection:
of a preferred process are described. The proper choice of pretreatment
options will ensure that the most cost-effective method to meet environmental
and regulatory standards for final disposal of Hanford Site wastes is used.
The overall goal of processing Hanford Site tank waste is to reduce disposal
costs by reducing the volume of waste that must be vitrified and disposed of
in a deep geological repository. To accomplish this goal, consideration is
given to processes that efficiently partition the waste into (1) a large,
low-level waste fraction suitable for Tess expensive, near-surface disposal
in grout form and (2) a much smaller fraction of TRU (>100 nCi/g TRU) and/or
high-level waste that must be vitrified and consigned to a geslogic
repository.

4.1 DESCRIPTION OF WASTE PROCESS ALTERNATIVES

Two processing alternatives are considered for all waste types:

e Separation of solids or sludges from supernatant liquids and washing
of solids with water to remove soluble salts

¢ Solid-liquid separations coupled with sludge dissolution and removal
of TRU components from acidic waste solutions using the TRUEX
process.

Other pretreatment methods are specific to a particular waste type.
Pretreatment methods specific to NCAW and CC wastes are as follows:

¢ Removal of radfocesium from alkaline NCAW supernatant liguors

4-1
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o Destruction of complexants in CC to remove complexed TRU elements
and/or provide a feed for grouting that is free of organic
constituents.

Based on input from ocutside agencies (NRC, EPA and Washington State) and
future comprehensive performance assessments, it may be desirable to reduce
the concentrations of radionuclides in LLW grouts to significantly Tower
levels than those defined by the current grout criteria. Radionuclide
concentrations based on Class C Tevels (10 CFR 61) are presently assumed;
however, preparation of LLW grouts with radionuclide contents less than or
equal to Class A Tevels may be desirable. The primary radionuclides of
cencern and considered as candidates for additional radionuclide removal
are %95y, 137Cs, and the TRU components. Major pretreatment process changes
will be required to reduce radionucliide contents of waste supernatants by
the approximats factors of 10-1000 needed. In this report it is assumed
that pretreatment processes to reduce ?%Sr, '37Cs, and TRU concentrations in
grout feed to levels comparable to Class A will not be required. However,
the potential impacts of treating the waste to further reduce radionuclide
concentrations in LLW supernatants are addressed in Section 7.0.

Table 4-1 is a matrix of applicable processing options for each waste
type. Simplified conceptual flow diagrams of the pretreatment options for
each waste type are provided in Appendix A. Chemical process flaowsheets of
the baseline TRUEX process for PFP wastes, NCRW and CC are also included in
Appendix A.

4-2
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Table 4-1. Process Options for Each Waste Type.

wastetype | S0%e | TRuex | ST | S | Comple
NCAW X X Xa Xb

PFP X X

NCRW X X

cC X X X
88T X X

aRequired if TRUEX process is used for NCAW.
bCesium removal from NCAW supernatant is required for all NCAW
process options.

FSTE3-3209-4.1

Following are descriptions of the waste preﬁreatment process
alternatives.

4.1.1 Solid-Liquid Separations and Sludge Washing

Solids are separated from supernatant liguors using washing, settie-
decant, and filtration methods. After initial separation of solids and

supernatant ligquors, water is added to the solids, and the siurry is
thoroughly agitated. After gravity settling of undissoived solids, a
pneumatic hydroputse (PHP) filter is used to provide adequate clarification
of supernatant liquids (Gibson and Landeene 1987). Washing of the solids
reduces the amount of waste requiring vitrification by removing water
soluble components. Washing also removes soluble species such as suifates,
which interfere with the vitrification process.

Water washing of solids can be performed directly in DSTs for PFP, NCRW
and CC. Mixer pumps used for waste retrieval operations are expected to
provide adequate in-tank sludge washing capabilities, assuming the wastes
can be adequately suspended and mixed. Water washing NCAW sludge in a DST
is an option to washing NCAW sludges in the B Plant facility as a result of
the decision to place the N Reactor in cold standby (see Sectien 5.0). For

4-3
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wastes that have the potential to be washed in 0STs, PHP filtration may be
adapted for tank farm use {Place 1988a). Clarified washes will be combined
with the salt solution from the first water treatment step.

4.1.2 Transuranic Extraction Process

The TRUEX procaess is a recently developed liquid-liquid extraction
pracess capable of extracting actinide elements with +3, +4 and +6 oxidation
states from HNQ, waste solutions (Horwitz and Schulz 1985, 1986, 1987).

A cammercially available bifunctional organaphaspharus reagent,
octyl{phenyl)-N, N-diisobutylcarbamoylmathyiphosphine oxide (CMPO), is usad
as the exftractant in the TRUEX process. The TRUEX process salvent
effectively extracts actinides over a wide range of aguecus feed acidities
{e.g., 0.5M to 8M HNO,). Bench-scale batch and countercurrent tests have
demonstrated that the TRUEX process can be used to convert many TRU-type
wastes (i.e., >100 nCi TRU elements/g of waste) to LLW suftable for disposal
in near-surface facilitiss.

The TRUEX process can be applied to alkaline supernatant liquars that
have been acidified, e.g., complexant concentrate (Kurath [985) or to
sludges that have been dissolved in hot nitric acid (HNO,). Limited
experimental data exist on the dissolution of siudges. Excent far CC
salids, 75 wt% of OST waste sludges is assumed to dissolve in HNO,
(Rasmussen 1980); undissolved sludges are assumed to require immobilization
for geologic disposal. For purpasas of this evaluation, it is assumed that
hot HNQ, followed by oxalic acid (H,C,0,) solutions will be required to
dissolve SST sludges. Still, only 70 wt¥ of the SST sludge is assumed to
dissoive because of anticipated mineral (i.e., cancrinite) formations in the
tanks (Higley and Schulz 1988).

The TRUEX process is used to remove uranium and TRU elements from the
HNQ,-H,C,0, solution. It is assumed that the TRUEX procaess will be aperatad
to selectively partition (strip) the TRU alements from coextracted uranium.
The separated TRU elements are coembined with the undissolved sludge and then
vitrified in the HWVP,

4-4
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The aqueous raffinate from the TRUEX process is made alkaline by
addition of NaOH and then combined with the sodium carbonate solution usad
to strip uranium from the CMPC solvent. The resulting solution is expected
to be suitable for disposal in grout in near-surface facilities. However,
grout formulation development is needed to verify the suitability of the
raffinate for grout for each waste type.

4.1.3 Radio-Cesium Removal

Removal of '*7Cs from NCAW supernatant liquor is required to ensure a
LLW feed to the GTF (Gibson 1987). ODuolite CS 100* resin is used to remove
95% of the cesium from the filtered NCAW supernatant feed stream. A second
cycle of ion exchange (IX) is required to further separate cesium from
sodium.

Before the second IX cycle is performed, the acidic cesium eluate
stream from the first IX cycle is concentrated (te minimize the volume
requiring lag storage) and neutralized. The second cycle ion exchange
process then follows the same steps as the first cycle. The final cesium
stream is concentrated and stored as feed for vitrification., Cesium-free
waste streams from the first and second IX cycles are routed through the
low-level waste concentrator to the tank farms for interim storage &s feed

for the grout process.

4.1.4 Strontium Removal

Pretreating the sludge fraction of NCAW by the TRUEX process will
result in a high concentration of °°Sr to grout. Thus, to reduce the heat
loading and activity level in grout, removal of *°Sr from the acidic TRUEX

*Duolite CS 100 is a registered trademark of Rohm and Haas,
Philadeiphia, Pennsylvania.
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process raffinate is required. A rare-earth sulfate-strike method to
precipitate *°Sr from acidic solutions has been utilized at the B Plant
facility. The pH of the acidic raffinate from the TRUEY procass is adjusted
to between 1 and 2 with Na,C0;. Next, sodium sulfate is added to the
raffinate to a 1M concentration. Rare earth nitrate is then added in.small
concentrations to precipitate rare earth strontium sulfate from the
raffinate. Since relatively few alkaline earth elements, such as Ca or Mg,
exist in NCAW, the precipitate can then be directed to the HWVP feed tank
with minimal impact to the glass composition. Bray et al. indicate a
greater than 95% strontium removal from the raffinate is possible with a
single strike, however, B Plant data indicate significantly lass
efficiencies are achieved (Joyce 1983). The 95% value will reduce the
maximum heat loading from a projectad maximum of 8.5 W/m® to less than

0.42 W/m*. When accounting for casium, this value approaches the maximum
heat load for grout. Based on thermal modeling performed with Oouble-Shell
Slurry feed, which establishes the grout heat loading Timit from fission
products at 1.23 W/m?, the reduced heat loading attained by strontium
remoya1 appedrs to be marginally acceptable. Higher strontium removal
efficiencies will be necessary to make the TRUEX process adaptable to NCAW.
Other candidate ?°Sr removal processes are also described by Higley and
Schulz 1988. Section 7.0 of this repart describes in detail the
implications of removing %°Sr from grout feed streams.

4.1.5 Complexant Destruction

Alkaline CC T1iquors contain significant amounts of organic compounds
which form soluble chemical complexes with TRU elements. Before the
alkaline CC can be incorporated into grout, the TRU elements must be
remeved. One method of TRU element removal is to destroy the organic
compiexants in CC, thereby pracipitating caertain cationic elaments including
the TRU elements from selution. This precipitate (primarily hydrated iron
oxide contaminated with TRU elements) constitutes feed to the HWVP while the
complexant-free solution can be converted to grout.

4-6

.J' - -



g

o

SD-WM-TA-015 REV 0

The TRUEX process can also be used to remove TRU elements from
acidified CC (Section 4,1.2). Kurath (1985) concluded that the TRUEX
process was more economical than complexant destruction for removing TRU
elements since a high volume TRU-bearing precipitate does not result from
the TRUEX process. The TRUEX process does not destroy the organic
compTexants, however, and the LLW solution fed to grout will still contain
the organic complexants. The ability of grout to accept organic components
for disposal in near-surface facilities at the Hanford Site has not yet been
established. If organics are not acceptable in grout, either from a
regulatory or a physical and chemical compatibility standpoint, complexant
destruction may still be applied to the TRUEX process raffinate. If a LLW
feed to grout that does not contain organic constituents is required,
compiexant destruction of the TRUEX process raffinate may prove to be less
costly than complexant destruction alone.’

Kurath (1985) evaluated alternatives for removal of TRU elements from
CC by destruction of organic complexants. The most promising alternatives
are oxidation with super critical water (i.s., temperatures and pressures
above the critical point of water) and oxidation with hydrogen peroxide
(H,0:). Because of safety concerns associated with high temperature and
prassure, oxidation with H,0, is used as the reference method for evaluation
in this study.* The waste is acidified to a pH <l to facilitate the
reaction. The waste is then heated to near boiling to increase the rate of
the reaction and to ensure that all H,0, has reacted. Hydrogen peroxide is
added continuously, followed by a 2-h digestion period where all H,0, is
decomposed to 0, and H,0. The wasta is then neutralized and the solids are
separated. The Tow Tevel waste supernatant is sent to grout, and the TRU

*Since the Kurath 1985 study was completad, recent additional
technologies for destroying complexants have been identified. Kurath (1988)
describes an electrochemical oxidation method present]y being developed by
PNL. Further, detailed evaluation of potential organ1c destruction methods
other than H,0, are recommended.

4-7
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solids are sent to the HWVYP. In the cases where complexant destruction is
performed on TRUEX process raffinate, the solids will be Tow-Tevel waste and
can be immobilized in grout.

Section 5.0 evaluates facility options for performing the pretreatment
processes described in this section. One option utilizes sludge washing in
double-shell tanks for pretreatment of all candidate wastes. For this
approach it is assumed that the TRU components will be removed from CC
supernatant liquors using in-tank complexant destruction. The complexant
destruction methad that appears most amenable for in-tank use is ozonization
(see Section 5.2.5). The ozomization pracess (Kurath 1985) utilizes ozone
{0,) to oxidize the heavy matals and the organics in the CC. Ozone is
generated at 1.5 to 2.0 wt% from air or oxygen by passing the air througn a
high frequency electric field. The ozone in the gas diffuses into the
Tiquid where it decomposes aor reacts with one of the many companents in the
CC. Most of the heavy metals including the TRU ars precipitated as metal
hydroxides or metal oxides. Some of the TOC remains in the wastes as low
molecular weight organic compounds (such as oxalate) while same is oxidized

to C0,. The solids are separated in the tank using settle-decant. Washed
solids are sent to the glass plant. The non-TRU Tiquid waste is sent to the

grout plant.

4.1.6 Selective Leaching

Preliminary studies have indicatad that salective leaching of washed
NCRW sludge with dilute acids could significantly reduce the volume of waste
vitrified. Swanson (1987) has shown the potantial for removing 60% of
plutonium and 90% of the americium by this technique. The remaining sludge
would be disposed in grout form, and the TRU-bearing supernatant would be
vitrified. Considerable development of this process is necessary, however,
before selecting this technique as a preferred pretreatment option.
Therefore, this option has not been considersd further in this report.

4-8
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4.2 EVALUATION OF PROCESS ALTERNATIVES

Estimates of the amounts of glass and grout products which will result
from application of waste pretreatment to Hanford Site DST and SST waste
processes are shown in Table 4-2. The incentives far use of the TRUEX
process to reduce the number of canisters of glass that must be disposed of
in a HLW geologic repository are apparent. Calculations used to derive the
glass and grout volume estimates are provided in Appendix A.

Table 4-3 comparas the costs in FY 1988 dollars for the two major
levels of waste treatment; f.e., simple sludge washing versus TRU removal
using the TRUEX process. For certain processing scenarios, advantages can
potentiaily be realized by sludge washing a portion of the waste and
applying the TRUEX process to the remaining waste. Thus, facility
operational costs can potentially be minimized by reducing the pretreatment
operating time and HWVP standby time. Table 4-3 also shows pretreatment
costs for combined sludge washing/TRUEX process cases. Detailed
descriptions and evaulation of this operational concept is provided in
Section 2.0, "Waste Treatment Facility Alternatives." The costs shown in
Table 4-3 are those required for implementation of the options, and for
processing and disposal of the candidate DST wastes. The costs for the
TRUEX process option include those for upgrading existing facilities versus
those for construction of new facilities--thus a range in implementation and
operational costs is shown. Cost details for the facility options are
provided in Section 5.0. The major operational assumptions and cost bases
used in this report for cost estimations are provided in Appendix B.

A discount rate cost analysis was 2iso appiied to the waste pretreatment
options (Appendix C)}. The information in Appendix C indicates that the use
of a constant dollar amalysis is adeguate for comparing costs of the various
pretreatment options since application of a discount rate anmalysis does not
change the conclusicns in this report.
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Table 4~2. Glass and Grout VYolumes.

Waste type apltc%ﬁs:tiiz% Grou}c;;:)lume Total canistersa

PFR Sludge washing 720 4Q0
TRUEX 2,100 100

cc Complexant 68,000 870
destruction
TRUEX 74,000 580 (15Q)b
TRUEX plus 74,000 580 (150)k
complexant
destruction

NCRW Sludge washing 5,100 1,600
TRUEX 9,800 490

NCAW Sludge washing 14,000 480
TRUEX 20,000 120

Single-shell tank

waste

12 tanks Sludge washing 19,000 2,80Q¢
TRUEX 34,000 880¢

75 tanks Sludge washing 280,009 15,000¢
TRUEX 370,000 5,100¢

149 tanks Sludge washing 580,000 24,00Q¢
TRUEX 710,000 7,600¢

#Q.627 m3 giass/canistar,

Bin this study it is conservatively assumed that the CC solids do nat
dissoive in HNQ+. If 75 percant of the solids dissoived, however, the
number of canisters of glass would be reduced from 580 to 150.

¢From Higley and Schulz, 1988.

4-10
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Table 4-3. Pretreatment Process Costs for
Double-Shell Tank Waste (Millions, Fiscal
Year 1988 Dollars).

Process options
Cost element Siudge
vf;:&?‘e a | washing/ TRUEX
9% 1 TRuExb
Pretreatment capital 140 220 220
Pretreatment 320- 560- 600
operations¢ 720d §60e
Vitrification operationsf 660 350- 310
520e '
Grout operations and 130 180 180
disposal
HLW repository disposal 1,200 520- 420
550e
HWVWVP capital? 920 920 920
Miscellaneous 80 100 100
Total (rounded) 3,400- 2,850- | 2,750
3,800 3,150

T AAssumes complexant destruction rather than TRUEX
process is performed on compiexant concentrate in B Plant {see
Section 5.0).

bAssumes sludge washing is performed on NCAW or PFP
waste and the TRUEX process 1s applied to remaining waste (see
Section 5.0).

<Assumes B Plant is used far pretreatment operations
except for cases where sludges are washed in DSTs.

dRange shown reflects costs for all pretreatment
operations in DSTs versus ¢costs for pretreatment operations in
both D5Ts and B Plant (see Section 5.0).

2Ranges shown refiect different sludge washing/TRUEX
options described in Section 5.0.

fAssumes use of targe capacity meiter {100 kg glass/h).

gNote this cost is escalated to mid-point of construction
rather than FY 1988 daoliars. PSTBS-3209-4-3
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The information in Table 4-3 shows that it is highly cost effective to
apply TRUEX process technology to DST waste sludge and CC supernatants.
Cost savings for conducting TRUEX process operations with OST wastes instead
of Jjust sludge washing range from approximately 600 million to L billien
dollars. The potential cost reduction for in-tank washing a portion of the
waste and applying the TRUEX process to the remaining waste, instead of just
sludge washing ranges from 230 million to 950 million doilars. Higley and
Schulz (1988) estimate cost savings far applying TRUEX to SST wastes range
from 600 million to 9 billion dollars depending on the SST waste retrieval
option evaluated.* The greatest cost savings result from substantial
reductions in HWVP aoperational expendituras and faes for geologic disposal
of vitrified wastes.

The number of canisters of glass listed in Table 4-2 for the TRUEX
process aiternative is directly related to the amount of sludge that remains
undissolved in the acid dissolution step that precedes the TRUEX process.
The assumption that 75% of the 0ST waste sludge and 70% of the SST waste
sludges can be dissolved is considered realistic but needs to be confirmed

Dy performing dissolution tests with actual representative waste samples.
The economic incantives for tha TRUEX process fncrease even more

substantially if more sludge can be dissolved. Experimental work should be
directed as soon as possible to finding practical means of dissolving 90 to
95% of washed 0ST and SST sludges.

The need for destroying complexants in CC to provide an acceptable
grout has not been established. Treatment of CC using the TRUEX process
removes the TRU components from the supernatant but leaves the organic
compounds in the grout feed. An additional treatment step to destroy the
complexants {i.e., TRUEX procass plus complexant destruction) can be

*Three retrieval cases were evaluated which are believed to bound the
range of reasonable alternatives. The three retriaval alternatives included
ratrieval of waste from (a) 12 SSTs (b) 79 SSTs (c¢) 149 SSTs.

4-12
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performed with no increases in canisters of glass or grout volumes

(Table 4-2). It is conservatively assumed in this report that the TRUEX
process and complexant destruction will both be required for CC.

The TRUEX/compiexant destruction combination would cost approximately

30 million dollars more than a TRUEX process alone because one year of
additional processing time and additional processing equipment and chemicals
(H,0,) are requirad (Place 1988a).

4.3 SUMMARY AND RECOMMENDATIONS

There are clear-cut technical and economic incentives for implementing
the TRUEX process for application to DST and SST wastes. The TRUEX process
should be strongly considered for application to PFP, NCRW, CC, and SST
waste sludges. The application of the TRUEX process to NCAW should be
considered if methods for ?°Sr removal from dissolved NCAW sludge can be
developed and implemented in time to support the scheduled startup of the
HWVP,

Following are recommendations for development work. For additional
details retating to these recommendations refer to Section 7.0, "“Technical
Issues.”

® Accelerate characterization of candidate wastes to the
pretreatment processas.

e Develop technology through bench and pilot scale tests for
dissolution of waste sludges. Develop TRUEX process flowsheets on
an immediate basis.

o Develop methodology for removal of %°Sr from acidic solutions

resulting from dissolution of NCAW sludge. Also perform
engineering study of complexant destruction in a DST.

4-13
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Assuming that organic complexants will be unacceptable in grout,
develop methodology for destroying complexants in acidic TRUEX
process raffinate.

The potential economic incentives for performing selective
Teaching of NCRW indicates a need for continuing devalopment of
this option.

Develop appropriate grout and glass formulations based on TRUEY
process flowsheets,

Perform studies to evaluate methods and jmpacts of reducing

radionuclide concentrations in grout to levels comparable to those
defined in 10 CFR 61l.

4-14
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5.0 WASTE TREATMENT FACILITY ALTERNATIVES

Facility options for performing the waste treatment processas
recommended in Section 4.0 are evaluated in this section, and a preferrad
waste treatment and facility option is presented. Section 4.0 stressed the
economic incentives for applying the TRUEX process to reduce the volume of
waste feed that must be vitrified and consigned to a geologic repository.
To achieve this goal, development of methodology to verify that the TRUEX
process can be successfully applied to the candidate wastes is required.
The option of simple sludge washing of all wastes rather than using the
TRUEX process must be kept open until the appropriate TRUEX process
technology has been developed. A decision analysis is presented in
Appendix D which graphically depicts on a time scale the technical and
programmatic decisions required to arrive at a hreferred pretreatment plan.

Four facility options are evaluated as possible locations where TRUEX
process pretreatment operations could be performed:

¢ B Plant
e PUREX facility
¢ A new stand-alone facility
® An expanded HWVP.
Tha waste pretreatment processes considered for these facility options
are those recommended for further evaluation in Section 4.0, i.e., the TRUEX
process, strontium removal, and cesium removal for NCAW; the TRUEX process

on dissolved PFP and NCRW sludges: and the TRUEX process combimed with
complexant destruction for CC sludges and supernatant.

5-1
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For cases where sludge washing of OST wastes is performed instesad of
utilizing the TRUEX process, it is assumed that PFP, NCRW, and CC solids can
be washed directly in DSTs using mixer pumps. Two facility alternatives are
considered, however, for washing NCAW sludges: (1) B Plant and (2) 0STs.
Washing NCAW sludge in a double-shell tank or AR Vault rather than washing
in B Plant is an option as the result of the decision to place the N Reactor
in cold standby. 0Originally the pretreatment system had to provide the
capability of processing current discharged fuel waste. Irradiation of
N Reactor fuel was complete in 1986 and ail FFTF mixed-oxide fuel will be
complate’ in 1991. Pretreatment processing of NCAW is all on aged waste and
pravious heat transfer limitations are less restrictive to the extent that
the small 5,000 gal batch size used in B Plant may no longer be required.

A detailed engineering study and safety evaluation need to be performed onm a
priority basis to confirm the feasibility of washing NCAW solids in a DST.
For wastes that have the potential to be washed in 0STs, PHP filtration may
be adapted for tamk farm use (Place 1988a). Clarified washes will be
combined with the salt solution from the first water treatment.step.

As discussed in Section 4.0, usa of facilities for sludge washing a
portion of the waste and applying the TRUEX process to the remaining waste

is als0 addressed in this saction. A significant portion of the cost
savings from applicatian of the TRUEX process to all DST waste results from
reducing operational costs associatad with washing NCAW at 8 Plant. Other
reductions are attributed to reduced vitrification operating costs and
reduced disposal costs rasulting from production of fewer canistars of
glass, Washing a portion of sludge waste in a 0ST rather than B Plant would
significantly reduce the operating time and operational costs required for
washing, which could compensate for the incrsase in the number of canisters
of glass. Additional feed for HWVP cauld be provided in parallél with TRUEX
process treatment and would enable continuous operations (and possibly early
startup} of the HWVP, Thus, washing PFP sTudge in a OST (or alternatively
washing a portion of NCRW sludge) rather than washing NCAW sludge in B Plant
is evaluated as an option. Washing NCAW in a OST is also evaluated as an
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alternative to washing NCAW in B Plant. The remaining waste would be
treated using the TRUEX process at either B Plant, a new stand-alone
facility, the PUREX facility, or an expanded HWVP.

Table 5-1 summarizes the array of processing/facility options and
combinations evaluatad in this report. As mentioned in Section 1.0, ﬁhe
current baseline processing/facility option is sludge washing NCAW in
B Plant and utilization of the TRUEX process in B Plant for the remaining
DST wastes.

Table 5-1. Candidate Process/Facility Options.

1. TRUEX process all waste (all facility options?)

2. Sludge wash NCAW (B Plant or DST); TRUEX remaining waste (all
facility options2)

3. Sludge wash PFP waste (double-shell tank); TRUEX remaining
waste (all facility options?)

4. Sludge wash all wastes (DST) or [B Plant (NCAW) + DST
ramaining waste] |

3¢ Plant, PUREX facility, new stand-alone facility, or
expanded HWVP for TRUEX processing.

This section presents: (1} a discussion of pretreatment processing
equipment for each facility option, (2) a description of the candidate
facilities, (3) a comparison of considerations affecting facility selection,
(4) observations and conclusions relating to the facility options, and (5) a
description of the preferred process and facility option. Important bases
and assumptions followed in this evaluation are listed in Appendix B.

5-3
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5.1 PRETREATMENT PROCESSING EQUIPMENT

5.1.1 Equipment Sizing

The facility pretreatment equipment requirements and capabilities for
supporting a 45 kg/h HWVP melter and a 100 kg/h HWVP melter are described in
this section and are provided by Place (1988a). The design basis of the
HWVP will provide capabilities to produca 100 kg of high-Tevel waste glass
per hour of melter operation (Westinghouse 1987). However, it is envisionad
that initial operations will incorporate a smaller capacity melter which
produces 45 kg of glass per hour. In this study, the baseline case assumes
that a 45 kg/h melter will be used with OST waste and a 100 kg/h meiter will
be required to process the large volumes of SST wastes (Higley 1988). Since
the HWVP is not currently committed to this case, the cost and schedule
impacts of waste vitrification at the 100 kg/h rate for both OST and SST
waste are also assessed.

Since waste from SSTs is potentially the largest volume of waste that
will requira pretreatment and vitrification, the equipment in a new stand-

alone facility or expanded HWVP was initially sized to provide adequate
throughput of SST waste to support continuous operation of the 100 kg/h
melter (Place 1988a). It is estimated that 24 yr of HWVP processing time
will be required to vitrify the TRUEX-processed waste from all 149 SSTs
(Higley and Schulz 1988). Detailed evaluation of 0ST waste process
flowsheets and schedules show that this equipment size does not provide
adequate pretreatment processing rates for all DST wastes. Thus, aperation
of the large 100 kg/h melter could result in frequent standby periods when
vitrifying 0ST waste. The equipment sizes for the new stand-alone and
expanded HWVP facilities were thus increased accordingly to ensure minimal
schedule impacts when processing DST wastes. The rate-limiting step for
treatment of NCRW, PFP, CC and SST waste sludges is the acid dissclution
step which precedes removal of the TRU components from the dissolved
sludges. Two sTudge dissolution tanks with total dissolution capacities of
320,000 L (i.e., two 42,000 gal tanks) would provide feed to the TRUEX
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process at a rate that would ensure continuous operation of the HWvP

100 kg/h melter with DST sludges. Due to the different properties of SST
sludges, only 160,000 L total dissolution capacity is required to ensure
continuous operation of the HWVP 100 kg/h melter when processing SST sludges
onty.

The B Plant facility and PUREX facility could dissolve DST sludge
wastes at rates that would support continuous operation of a 45 kg/h melter
at the HWVP for approximately 8 yr followed by a 21 mo HWVP standby awaiting
the next batch of pretreated waste (see Section 5.3). Because of the small
sizes of the B Plant process cells, a total of three cells, each containing
a 19,000 L (5,000 gal) dissolver (i.e., total of 57,000 L or 15,000 gal
capacity) was assumed for the baseline plan (Place 1988a). The PUREX Plant
could provide dissolution capabilities comparable to those of B Plant
(Jacobs 1988). For B Plant or the PUREX facility to support the faster HWVP
throughput rate for OST waste, much larger dissolution vessel capacities
would be required. A preliminary assessment indicates that the total sludge
dissolution capabilities in B Plant could possibly be increased from
57,000 L to 160,000 L which would provide adequate sludge dissolution
capacity for SST waﬁtes (Place 1988b). However, sludge dissolution
capacities for DST wastes would be inadequate for some of the process
scenarios listed in Table 5-1 which would result in standby of the HWVP.

5.1.2 Equipment Deséription

Figure 5-1 shows a simplified layout of the equipment that would be
suitable for pretreatment of Hanford tank wastes. The sludge dissolver
capacities shown in Figure 5-1 are representative of those in a new facility
or expanded HWVP. As discussed in Section 5.1.1, the sludge dissolvers in
B Piant would be smaller in size and the total capacity could vary from
57,000 to 160,000 L.
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Figure 5-1. Conceptual Waste Pretreatment Process.
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Since fluoride will be present in some waste féed to the acid
dissolvers (e.g., PFP and NCRW sludge), the material of construction for the
dissolvers in the candidate facilities is Hastelloy C.* However, adeguate
sludge dissolution may be possible in stainless steel equipment if aluminum
nitrate [A1(NO,),;] is added to compliex free fluoride. Laboratory tests need
to be performed to verify that adequate sludge dissolution is indeed
possibie using A1(NO,), to complex free fluoride ion.

The TRUEX process flowsheet in B Plant or PUREX would be very similar
to that postulated for a new facility or expanded HWVP (Figure 5-1).
A continuous TRUEX process would 1ikely be implemented using centrifugal
contactors although pulse columns coulid be used at the PUREX facility.
Centrifugal contactors operate over a far wider range of aqueous-to-organic
flow ratios than pulse columns, and the number of stages can be easily
changed thus allowing maximum flexibility to process all Hanford waste
types. The maximum required capacity for the centrifugal contactors for all
of the facility alternatives is estimated to be approximately 53 L (14 gal)
per minute. Destruction of organic complexants in {C would be performed in

the dissolution tanks using H,0,. Large aluminum H,C0, storage tanks with
one to 3 mo storage capacity {(about 450,000 L) would be required.

For the facility options involving no waste pretreatment operaticns at
B Plant, installation of equipment for removing ®27’Cs from NCAW supernatant
is required in the new facilities. Cesium removal equipment is provided in
the design for the new stand-alone or expanded HWVP facilities aven for the
cases where NCAW is washed in B Plant. This allows for uncertainties in
unanticipated waste treatment requirements. Although not assumed in this
study, it may be necessary to remove radiccesium from some SST waste salt
cake solutions to provide an acceptable grout. Additionally, this cell

*Hastelloy C is a registered trademark of Cabot Corporation,
Kokomo, Indiana.
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space cauld be utilized if necessary for additiormal radionuclide removal
(e.g., *°Tc, '?*°[, and ?°Sr) deemed to be required by future performance
assessments or regulatory regquirements. (See Section 7.0, "Technical
Issuas.")

5.2 FACILITY DESCRIPTIONS

Detailed descriptions of the required modifications for B Plant and the
PUREX facility are provided by Place 1988a and by Jacobs 1988, respectively.
Descriptions of the proposed new stand-alone facility and expanded HWVP are
provided in Appendix E. Conceptual facilify layouts ars also shown.
Following are brief descriptions of the pretreatment facility options,

5.2.1 B Plant

The B Plant facility is currently undergoing modifications to allow
sludge washing and radiocesium remaval from NCAW. The datailed flowsheet
preparad by Gibson 1987 describes the B Plant pretreatment facility

requirements for the option that involves only treatment of NCAW at B Plant.
The costs for upgrading B Plant to perform sludge washing and cesium removal
from NCAW is 393 miltlion (Reep 1988).

Further modification to B Plant equipment/instrumentation would allow
pratraatment of other Hanford tank wastes. Considerable renovation of
saevaral process calls would be required to implement the pretreatment
processas (i.e., sludge dissolution, the TRUEX process and complexant
destruction). A total of four existing procass calis would contain the
three 19000 Titer vessels for sludge dissolution, complexant destruction,
and associated off gas treatment, and five cells would be required for TRUEX
praocess solvent extraction and associated equipment (PTace 1988a). All new
equipment would be used. Existing tanks and associated squipment would be
disposed of, The estimated capital expenditures in FY 1988 dollars for this
upgrade is $67 miliion (Appendix F). A proposad layout of the modified
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B Plant facility is alsc shown in Appendix F. To support operation of a
higher capacity melter at the HWVP approximately one or two additional

B Plant cells could potentially be utilized and larger capacity dissolvers
would be used (Place 1988b). Preliminary estimates indicate that additional
expenditures of approximately $33 million (i.e., a total capital cost of
$100 million) would be necessary (Appendix F). For the case where sludge
washing of NCAW is performed in B Plant, rehabititation of the B Plant cells
and installation and testing of the TRUEX process equipment could not begin
until FY 1999. A 1997 congressional Tine item js required to support this
impiementation schedule (Figure 5-2). If NCAW was not washed at B Plant
(Table 5-1), TRUEX processing equipment could be installed as early as

FY 1995 and full scale TRUEX process operations could begin in mid FY 1997.
A 1994 congressional line item would be required to support this schedule
(Figure 5-3).

5.2.2 New Stand-Alone Facility

The new stand-alone pretreatment facility is a remote canyon facility
with paraliel cells spanned by a single crane. A total of 116 1ineal

meters (380 ft) of cell space is estimated to be required for containing the
proposed waste treatment equipment in Figure 5-1. The new facility would be
Tocated in the vicinity of HWVP and B Plant. The building is a Category I
building with conservatively sized rooms for HVAC, closed loop cooling and
heating, a laboratory, emergency generator and rail access for equipment
ingress/egress from the canyon. Galleries 7.6 m (25 ft) wide surround the
parallel cells on four levels to accommodate aqueous makeup,
instrumentation, sampiing, storage, maintenance and a hot shop. A pipe
trench, closad loop room and air tunnel are positioned beiween the paraliel
cells to house service routings. A description and proposed layout of the
new facility is provided in Appendix E.

The estimated capital cost in FY 1588 dollars for construction of a new
stand-alone pretreatment facility is $242 million (Appendix E). The
proposad schedule for implementation of a new stand-alone facility is shown
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in Figure 5-4. The schedule allows for "hot startup” in January 2001.
A 1994 congrassional Line Item is required to support this implementation
schedula.

5.2.3 Expanded Hanford Waste Vitrification Plant

The baseline design for the HWVP is defined in the Reference Conceptual
Design Report (Westinghouse 1987). Incaorporation of waste pretreatment
capabilities in the HWVP would result in extension of existing canyon and
operating galleries by approximataely 55 m (180 ft) through usa of two
parallel 6.1 m (20 ft) wide cells. Existing cell features and equipment
arrangements for the original HWVP mission are unchanged. An addition of
this magnitude affects several structured features (HVAC, utilities, atc.).
Several existing HWVP features (e.g., canyon crane) can be shared to
adequately serve both the pretreatment and vitrification cell equipment.
The estimated capital cost in FY 1988 dollars for adding pretreatment
capabilities to the HWVP is $162 million (Appendix E). A general

description and proposed Tayout of the facility is also provided in
Appendix E.

This study assumes that a decision is made to change the existing HWVP
preliminary design prior to beginning detailed design in FY 1990. The cost
for implementing a change in the HWVP design is estimated at $7 million.
Preliminary design for the vitrification portion of the dual Factlity could
be completed within 6 mo of the original schedule. Hot startup of the
facility would be January 2000. Much larger funding impacts would result if
a decision to change the design was made after the start of detailed design,
In reality, a preliminary decision to fund an assassment of the change would
need to be made by March 1989. Figura 5-5 shows the proposad schedule for
implementation of the expanded HWVP facility.
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5.2.4 PUREX Facility

The recent decision to place N Reactor in cold standby status may
increase the viability of employing PUREX for DST and SST waste processing
because the production mission would be completed earlier than previously
assumed. Based on current information, sufficient space is available in
PUREX for the equipment required to process all DST wastes at rates
comparable to those for the B Plant facility (Jacobs 1988).

A number of general concerns for using the PUREX facility for DST and
SST waste pretreatment have been identified. They include the following:

o With N Reactor in cold standby status, the PUREX Plant would also
have to be maintained in cold standby status and thus unavailable
for waste pretreatment until N Reactor status is changed to
shutdown. Also, if additional production missions are
reestablished in PUREX, the use of this facility for waste
pretreatment would be unlikely.

8 Availability of tank farm transfer routes may affect equipment
Tayouts in PUREX and this must be better defined. Costs to
provide new transfer routes may be a significant fraction of the
total waste pretreatment cost for the PUREX options.

& A separate ammonia vent system may be required for both NCRW and
CC processing.

e Upgrades required to address seismic concerns have not been
estimated but may have a significant effect in estimating the
PUREX facility option.

It is estimated that implementation of the TRUEX process and associated
equipment could be complieted by mid FY 1997 with a 1994 1ine item.
A proposed schedule is shown in Figure 5-3. A preliminary estimate of
upgrades required for utilization of the PUREX facility for waste
pretreatment is $140 million (1988) dollars.

5-15
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5.2.5 Doubie-Shell Tanks

The use of existing doubie-shell tanks for performing solid-liquid
separations and sludge washing of PFP, NCRW, CC and possibly NCAW, was
addressed in Section 4.0. Place (1988a) described a proposed concept. Water
washing of solids could be performed in the DSTs with mixer pumps used for
waste retrieval operations. The washing efficiencies would probably not be
as good as smaller vessels equipped with conventional agitators, but longer
contact times could be utilized to compensate. Overall, the in-tank washing
process should be faster, more reliable and less costly. Corrosion to the
carbon steel wails resulting from the water additions should be minimal
since contact times would be relatively short. Hydroxide and nitrite ions
would also be leached from the solids and should reach sufficient
concentrations to meet tank farm specifications in a relatively short time

period.

In-tank filtration has not been attempted in DSTs, however, the PHP
filter designed for B Plant could also be adapted for tank farm use. Support
equipment for the PHP filter could be trailer mounted. The support equipment
would include a precoat (diatomaceous earth slurry) makeup tank and pump, an
air PRY/control station or air compressor, and computer-based control
instrumentation. Alternatively, filtration could be provided in B Plant
using the existing PHP filter. For the process scenario where sludge washing
is performed on all waste (i.e., no TRQEX process) the TRU content in CC
must be reduced to LLW Tevels using a complexant destruction (CD) process
{see Section 4.1.5). Complexant destruction could be performed in 8 Plant,
or alternatively, it may be feasiblie to perform CD directly in a DST; e.g.,
ozone could be bubbied intoe the tank waste by mounting ozone injection units
onto the tank risers and supplied with electrically powered ozone generators
located at grade. Alternative methods, such as thermal decompesition or
photolysis, could be considersd. Additional development work would be
required to identify candidate methods and perform appropriate development

work.

5-16
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5.2.6 Role of the AR Vault

The 244-AR Vault facility is presently being upgraded to assist the
B Plant in its mission for sludge washing of NCAW. The cost for these
upgrades is approximately 5 million dollars. The AR Vault will provide lag
storage and cooling of NCAW. If required, sludge washing and solids-liquid
separation of NCAW could possibly be performed in the AR Vault rather than
in DSTs, with little or no additional upgrades. Again, the feasibility of
using DSTs or the AR Vault for NCAW sludge washing must be verified by an
engineering study and safety analysis.

The stainless steel tanks in the AR Vault were utilized in the 1960s
and 1970s for dissolution of high-heat-producing sludges, with subseguent
removal of *°Sr at the B Plant facility (Rasmussen 1980). Because of the
age and condition of the existing dissolution tanks and the uncertainty of
providing additional long-term dissolution capabilities, the use of the
AR Vault for dissolving existing tank sludges prior to TRUEX processing is
not addressed in this report.

5.3 COST COMPARISON OF FACILITY OPTIONS

Costs were estimated for conducting the feed pretreatment aperations
for each candidate waste in B Plant, the PUREX facility, a new stand-alone
pretreatment facility, and an expanded HWVP. The cost for each alternative
was estimated in constant FY 1988 dollars. The total program costs were
used; i.e., costs for capital construction and/or upgrade of the facility,
costs for waste treatment and vitrification operations and costs for
disposal in a HLW repository. Costs judged to be minor or that are common
to a1l of the alternatives were excluded from the analysis (e.g., costs for
monitoring, and interim operations). Wherever applicable, existing
construction project cost estimates were utilized. The cost bases and
assumptions used in this study for estimating the operational and capital
expenditures for the different facilities are shown in Appendix B.

Appendix B also provides detailed backup to the costs.
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Table §5-2 summarizes the costs for the facility options for
pretreatment of DST waste using the TRUEX process, or combined siudge
washing and TRUEX processing. Table 5-3 summarizes the corresponding
operating times for the pretreatment facilities and the HWVP,

The mission costs for treatment of 0ST wastes to support a 100 kg/h
melter do not differ significantly for the differant facility options.* For
gach of the four process scenarios in Table 5-2 the total disposal mission
costs for using an expanded HWVP facility are approximately the same as
those for using the B Plant facility. The mission costs for using the PUREX
facility or new stand-alone facility are approximately 350 million and
$100 milTion higher, respectively, than those for using B Plant. The higher
cost for use of 3 new stand-alone facility is attributed primarily to
increased costs from maintaining the HWVP in standby status since the naw
pretreatment facility would not begin operations until 1.5 yr after the HWVP
is scheduled to start. Altarnatively, the HWVP could delay its schedulaed
startup. Other important factors in addition to costs that must be
considered when comparing the facility options are addressed in Section 5.4.

The results shown in Table 5-2 indicate that a marked reduction in
waste treatment costs result for the pretreatment facility options if the
HWVP vitrifies DST waste using a 100 kg/h melter rather than a 45 kg/h
melter. The cost reductions resuylt primarily from significantly reducing
the vitrification cperating times (Table 5-3). Thus, expansion of the
8 Plant upgrade to include increased sludge dissolution rates (Table 5-2)
could potantially raduce operational costs by as much as $250 million if the
pretreated wastes were vitrified using the 100 kg/h melter. These cost
savings would be achieved, even though some HWVP vitrification standby time
occurs (see Figures 5-6 and 5-7). Again, however, the capability of
modifying 8 Plant to include the expanded dissolution capabilities appears

*The costs in Table 5-2 for alternate facilities to 8 Plant include
utilization of B Plant for demonstrating sludge washing and/or siudge
dissolution and for generating sufficient pretreated waste to suppert Waste
Form Qualification (WFQ) efforts (Appendix B).
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Cost Comparison of Facility Options--

Pretreatment of Doubie-Shell Tank Waste.

Facility option - millions fiscal year 1988 dollarsa

" P b
Process scenario B Plant Expanded | New stand- PUREX
45kg/h | 100 kgrh HWVPe alonec

1. Sludge wash NCAW in B Plant; 3,400¢ | 3,150 3,000 3,150 -
TRUEX remaining waste

2. Sludge wash NCAW in DST; - 2,900 2,850 3,000 2,950
TRUEX remaining waste

3. Sludge wash PFPin DSTe; TRUEX - 2,850 2,850 3,000 2,900
remaining waste

4. TRUEX procass all waste - 2,750 2,750 2,800 2,800

NOTE: Costs include ail costs for technology development, retrieval, pretreatment,
processing, and disposal. HWVP costs escalated to midpoint of construction; otherwise, all costs
are FY 1988 dollars.
aRounded to nearest 50 million doilars.
BB Plant costs reflect two different siudge dissolution scenarios: (1) DST dissclution capacity
to support 45 kg/h melter (2) increased dissolution capacity and 100 kg/h melter,
100 kCDﬁuble-Shell Tank waste dissolution capacity to support continuous operation of HWVP at
g/h.

dCurrent baseline pian.
2Could substitute NCRW for PFP.

Tabie 5-3. Facility Operating Times--Double-Shell

Tank Waste Pratreatment.

PSTRS-3209-5-2

Facility operating time { yr)a
, Canisters
Procass scenario
ofglass | goiant | PUREX Stand | Expanded

1. Sludge wash NCAW in B Ptant; 1,560 14.5(14) - - -

TRUEX remainder Baseline - )

45 kg/h melter

Enhanced - 100 kg/h meiter 1,560 "1 105 {8) 82(B) 8b(8) 8b(6)
2. Siudge wash NCAW in DST; 1,560 &(5) 4(5) 4(7) 4(s)

TRUEX remainder
3. Sludge wash PFP in DST; TRUEX 1,500 6(5) 4(5) 4(7 4(3)

remainder
4, TRUEX all DST waste 1,200 7(a) 5(4) 5{4) 5(4)

aHWVP vitrification operating timas are shown in parenthesis - except for baseline
case, throughputs are for 100 kg/h meiter,
bincludes B #lant operating time for washing NCAW sludge.
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feasible (Place 1988b), but further evaluations need to be performed to
verify this assumption. The same potential for expanding dissolution
capability axists for an upgraded PUREX facility.

Table 5-2 also shows a definite cost advantage for washing either PFP
or NCAW sludge in a DST with TRUEX procassing of the remaining waste instead
of the current plan of washing NCAW in B Plant with TRUEX processing of the
remaining waste (Figures 5-8 and 5-9). The operational and capital
expenditures (as well as the time cycles, Table 5-3) required for in-tank
washing are significantly less than for washing in B Plant. The costs for

‘these options are 3150 to $300 million Tess than for siudge washing NCAW at

B Plant. This is exemplified by comparison of Figures 5-7 with Figures 5-8
and 5~9 which demonstratas the reduced pretreatment operational requirements
for the B8 Plant facility. In-tank washing of PFP waste or NCAW provides
feedstock to the HWVP in parallel with B Plant TRUEX pretreatment. The HWVP
vitrification standby is thus eliminated, allowing continuous HWVP
operations and earlier completion of the vitrification mission.

The cost for the in-tank PFP washing option is slightly Tower
{approximately 350 miTlion) than the NCAW in-tank washing option since
60 fewer canistar of glass are produced (Table 5-3), However, washing PFP
in a DST with TRUEX processing of the remaining OST waste requires use of
the TRUEX process on dissolved NCAW sludges. The TRUEX procaessing of NCAW
will result in a high concentration of °%Sr to grout. To reduce the heat
Toading and activity level in grout, removal of ?°Sr from the acidic TRUEX
raffinate is required (see Section 4.1.4). To date, *°Sr removal methods
with sufficient remaval efficiencies necessary to make the TRUEX process
adaptable for NCAW have not been developed (see Technical [ssues,
Section 7.0). It is uncertain that adequate ?°Sr removal technology can be .
developed soon encugh to implement the process in the pretreatment facility.
Thus, assuming that washing NCAW sludga in a 0ST can be shown to be
feasible, the option of washing NCAW in a DST with TRUEX processing of the
remaining wasta is favored over the in-tank PFP washing option.
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Figure 5-9.

B Plant Processing Schedule - In-Tank Wash NCAW; Remaining Waste.
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Table 5-2 shows that the lowest mission costs are achieved by treating
all DST wastes using the TRUEX process. Processing all DST waste using the
TRUEX process saves $350 to 400 miilion compared to the current plan of
siudge washing NCAW in B Plant and using the TRUEX process in B Plant for
the remaining wastes. The major cost savings for the all TRUEX option
result from reduced repository costs, and the reduced B Plant operational
costs reguired to apply the TRUEX process to NCAW siudge rather than sludge
washing of NCAW at B PTant“(Figure 5-10). This al1-TRUEX option is also
approximately $150 m111ionm1ess expensive than washing NCAW in-tank with
TRUEX processing of the remaining waste. Again, some risk is involved with
development and implementation of a ?°Sr removal method required for NCAW
supernatant in the all TRUEX option.

Table 5-4 shows the costs for facility options invelving only sludge
washing (i.e., no TRUEX Process). The costs in Table 5-4 verify the
cbservations in Section 4.0, i.e., all sludge washing options are
significantly costlier than pretreatment options that utilize the TRUEX
process. Figures 5-11, 5-12, and 5-13 illustrate the sludge washing
facility processing scenarios described in Table 5-4. As indicated in
Table 5-4 the costs for sludge washing all wastes can be reduced
significantly by performing most or all of the pretreatment operations in
DSTs rather than utilizing the B Plant facility. Thus, the costs for
washing NCAW, PFP, NCRW and CC sludges in DSTs and performing complexant
destruction in a BST (see Section 5.2.5) are approximately equivalent to
those for the current baseline plan (i.e., $3.4 billion). For the
$3.4 billion sludge washing case, an allowance of $50 million is included
for an add-on to the HWVP for removing *37Cs from NCAW supernatant. For the
other sludge washing cases listed in Table 5-4, removal of '*7Cs from NCAW
supernatant is performed at the B Plant facility. ‘

5.4 OTHER CONSIDERATIONS

In addition to the costs required for treatment of Hanford tank wastes
for final disposal operations, other important factors (scheduls
considerations, regulatory requirements, and the potential retrieval of SST
wastes) must also be considerad when comparing the facility options.
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Table 5-4. Cost Comparison for Sludge Washing
(no TRUEX Process) Scenarios.

Mittions
Process/facility scenario Fiscal Year 1988
dollars
1. Siudge wash NCAW in B Plant; complexant destruction 3,800
CCin B Plant; studge wash remaining waste in DST
2. Sludge wash all waste in DST; compiexant destruction 3,700
CCinB Plant
3. Sludge wash ail waste in DST; complexant destruction 3,400
CCinDSTab
PST38-3209-5-4

a%ee Section 5.2.5. )
bFor this option an allowance of $50 million is provided for an add-on to the

HWVP for removai of 137Cs from NCAW supernatant.

5.4.1 Ability to Support Scheduled Startup of
Vitrification Operations

With one exception, all pretreatment process and facility options where
NCAK sludge is washed at B Plant, or where NCAW sludge or PFP sludge is

washed in a DST will support startup of vitrification on the scheduled
July 1999 date. Use of an expanded HWVP facility would 1ikely delay

vitrification several months because of the change reguired to incorporate
pretreatment capabilities into the existing HWVP design (Section 5.2.3).

A new stand-alone facility would support 1999 startup of vitrification but
some standby time would result at the HWVP since the new facility could not

begin pretreatment operations until FY 2001.

The pretreatment process and facility options whaere NCAW sludge is
washed in B Plant, or where NCAW or PFP sludge is washed in a DST will ailso
support an accelerated vitrification date (f.e., earlier than July 1999).
However, the vitrification completion date could not be accelerated. For
these cases the total operating time (and cost) for HWVP vitrification
operations would increase due to increased standby periods. Again, it is
uniikely that the expanded HWVP could provide early startup of
vitrification.
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The option where all DST waste is treated using the TRUEX process could
support the 1999 vitrification startup for the B Plant and PUREX facilities.
Treating all DST waste with the TRUEX process in the expanded HWVP or
newstand-alone facility would delay vitrification start until FY 2002 or
later. The TRUEX process would not start until FY 2000 or FY 2001 for the
expanded HWVP and new stand-alone facilities, respectively.

§.4.2 Ability to Comply with Evolving Changes to
Orders and Regulations

Evolving changes to appiicable orders and regulations create potential
impacts on requirements for upgrading and operating existing processing
facilities. The current B Plant Safety Analysis Report (SAR) (Sewell 1985)
concludes that there are no credible accidents that result in exceeding the
offsite limits. Ongoing upgrades at B Plant will provide compliance with
existing regulations for the NCAW pretreatment mission. In particular, new
standards and regulations for management and control of hazardous wastes and
liquid effluents will be implemented.

The ability to extend the B Plant or PUREX Plant pretreatment mission
to SST wastes is uncertain, however. Although the upgrades presently being
implemented in B Plant will provide conformance with existing state and
federal laws, incorporation of some new requirements may be necessary to
conform with DOE Order 6430.1A, particularly if operations extend beyond
DST waste.

Compliance with DOE Order 6430.1A is required for new facilities (e.g.,
a new stand-alone or expanded HWVP). Compliance for existing facilities is
voluntary and the degree of compliance is determined by the Department of
Energy. Upgrades to B Plant to full 6430.1A compliance could cost between
$100 million and $250 million dollars (Appendix G) and an estimated 3 to 5 yr
would be required to impiement the upgrades. Figure 5-14 illustrates the
schedule of full 6430.1A compliance for the processing scenario where NCAW
is washed in a DST and the TRUEX process is used for the remaining DST waste.
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The total upgrade cost and schedule impacts would increase the cost of this
case by approximately $400 million. This impact may not be cost effective
for only 6 yr operations of B Plant. If full compliance with 6430.1A was
determined to be required for B Plant, the lowest cost options that would
meet 6430.1A compliance are a new stand-alone facility or the expanded HWVP,
However, if the decision that B Plant must comply with 6430.1A was delayed
beyond March 1989, a cost increase for the expanded HWVP would result since
detailed design for the HWVP would be in progress (see Section 5.2.3).*

- 5.4,.3 Schedule Constraints

Expanding the HWVP for waste pretreatment would require an increase in
HWVP program costs and scheduie. The implementation schedule shown in Section
5.2.3 indicates that the design change to HWVP would result in an approximate
6 mo delay to startup of vitrification. With this scenario the use of the
expanded HWVP would result in approximately the same cost for the DST waste
disposal mission as for use of B Plant. However, this assumes that a

commitment is made before March 1989 to modify the HWVP design since detailed
design will begin at this fime. Further delays would resulit in increased

cost impacts. The probability of a decision being made within 6 mo of
issuance of this report with no net cost incentive is low,

*An assessment of the viability of B Plant to perform the waste
management mission was summarized in WHC 1989, subsequent to preparation of
this report. The areas investigated included (1) an evaluation of compliiance
with DOE, Washington State, and federal regulations; (2) a preliminary
accident analysis; (3) a natural forces evaluation to determine the facility
structural response to a seismic avent; and {4) a Tife-extension analysis to
examine the facility for aging effects. No issues were found that would
prevent B Plant from completing the pretreatment mission. The viability
evaluations identified an additional $14 million in upgrade required to bring
the facility to a condition that complies with DOE design criteria, safety,
and environmental orders.
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A new stand-alone facility would not be operational hefore FY 2001.
This would require a decision by October 1990 for a 1994 line item. For the
process scenario evaluated with this schedule, use of a new stand-alone
facility would result in undesirable standby of the HWVP and would cost
approximately $100 million more than comparable waste treatment using B Plant
(Section 5.3). The projected costs would increase further if a decision to
build a new facility was delayed beyond 1990.

It is assumed in this report that TRUEX process could be implemented in
the PUREX facility following the same schedule as for implementing TRUEX at
B Plant {Section 5.2.4) and total program costs for using the PUREX facility
rather than B Plant would increase approximately $50 million.

As noted in Section 5.3, if additional production missions were
established for the PUREX facility, or if the presently scheduled fuels
procassing mission was delayed the TRUEX process implementation schedule
could not be met and feed to the vitrification facility would be delayed.
Additionally, the availability of the PUREX facility for prefreatment is
contingent upon changing the N Reactor cold standby status to shutdown status.

5.4.4 Effect of Decision to Recover Singie
Shell Tank Wastes

The HWVYP is scoped to accommodate all single-shell tank wastes pending
the waste recovery decision as stated by the Record of Decision in the Hanford
Defense Waste - Environmental Impact Statement. A comparison of sludge
washing and TRUEX processes for pretreatment of waste in all 149 tanks is
shown in Table 5-5. The data in Table 5-5 are extracted from a study on
SST waste processing alternatives by Higley and Schulz (1988).
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Table 5-5. Single-Shell Tank Wastas
Pretreatment Processes.

increrment over DST onlya
Process HWVP -
. . ]
Glass canisters ope(l;art)lon c?i}ﬂg’é;%“
Sludge washing 23,400 74 15.5
TRUEX 7.600 24 6.1
2149 singie-shell tanks, PSTES2209-5-5

As indicated by Table 5-5, completion of all SST waste vitrification
within the HWVP operating 1ife requires that the TRUEX process or an
equivalent process is used that segregates SST wastes into a low volume HLW
fraction and a large volume LLW fraction. The Higley and Schulz (1988)
study makes the same conclusion if only the 75 SSTs containing waste with
concentrations greater than 100 nCi/g of transuranic elements (TRU
classification) are retrieved. A comparison of operating times and costs
for DST and DST plus SST waste processing missions using the TRUEX process
js summarized in Table 5-6. The operation of a pretreatment facility for
20 to 30 yr without full 6430.1A compliance is deemed unlikely. The decision
to retrieve a significant portion of the Hanford SST wastes would result in
recommending construction of a new stand-alone pretreatment facility as
{1) being more cost effective than upgrading B Plant to full 6430.1A
compliance and (2) having greater public acceptability than long term
operation of a facility that would be 80 yr oid before complietion of the
pretreatment mission.

Table 5-6. Impact of Single-Shell Tank
-Retrieval Decision on Double-Shell
Tank Waste Processing Mission.

Waste processed | Glass canisters¢ | Operation (yr) TotaFl\sasgta(ggglons
DsT 1,560 6 2.9
DST + TRU 5STsa 6,800 22 7.0
DST + All S5Ts® 9,200 30 9.0
475 $5Ts containing greater than 100 nCi/g transuranic elements.
5149 55Ts. o
<Sludge washing NCAW studge, TRUEX for all remaining waste.
PSTHD-3209-5-4
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Secondary impacts on the DST program as a result of making a SST
retrieval decision are:

e If a decisfen is made priaor to 1994 to retrieve SST wastes, there
may be cost savings by accelerating the new stand-alone facility
startup and processing a portion of the 0ST wastes in the new
facility in lieu of B Plant. -

¢ The decision to produce grout feed with radionuclides contents
comparable to Class A LLW in conjuction with the SST waste
retrieval decision would make technology development for
additional radionuclide removal critical. The TRUEX process or an
alternate is required for a viable SST retrieval program and
current pracess performance is projected to be inadequate ta
produce radionuclide levels in grout feed comparable to (lass A
LLW (10 CFR 61).

e With SST waste retrieval program costs of 6 billion dollars,

incentives exist to justify a significant development effort to
increase the fraction of solids dissaelived in the TRUEX process or

to develop an alternate process that minimizes residual solids
routed to HWVP for vitrification. A potential cost raduction in
axcess of aone billion dollars for the SST retrieval program could
result if technology can be developed to remove the rasidual
aluminum and silicon selids from the TRHEX pracass. The aluminum
and silicon in the SST wasta form the predominant fraction of acid
insoluble solids. Thesa solids rasult in high glass volume and
wasta disposal costs. The aluminum and siiicon in the SST waste
resulted from the aluminum-siTicon alloy used to bond aluminum
jackets to uranium fuel used in some Hanford production reactors.
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5.5 CONCLUSIONS AND RECOMMENDATIONS

It is concluded that waste pretreatment facility utilization can be
optimized to significantly reduce DST waste treatment and disposal mission

costs.

A potential of up to $500 million cost reduction from the current

baseline plan can be achieved. The costs for the preferred option can be
reduced by the following actions.

Increasing the vitrification and TRUEX process capacity--A marked
reduction in waste pretreatment and vitrification operation costs
result f the HWVP vitrifies all DST waste using a 100 kg/h melter
rather than a 45 kg/h melter, and the throughput of the TRUEX
process pretreatment faciiity is sized to support operation of the
large capacity melter. Processing DST waste at the high
throughput rate reduces mission costs up to $250 million.

Washing NCAW in a DST rather than washing in B Plant--This
facility scenario provides an additional mission cost savings of

$250 million. Aged NCAW and lower decay heat in the sludge may
aliow the use of existing DSTs for settle-decant washing of NCAW

sludge in lieu of the small 5,000 gal B Plant tanks originally
specified for short cooled NCAW. The operational time and
expenditures reguired for in-tank washing of NCAW sludge are
significantly less than for washing NCAW in B Plant. In-tank
washing of NCAW sludge also provides additiomal feedstock to be
HWVP in parallel with B P1ant'TRUEX process praetreatment and
enables continuous HWVP operations. The combination of the in-
tank NCAW sludge washing with the action of increasing HWVP
vitrification and B Plant TRUEX processing capacity eliminates
HWVP standby time and minimizes operation costs. An engineering
analysis is required to confirm the feasibility of washing NCAW
sludge in a 0ST.
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o Utilization of the B Plant facility for application of the TRUEX
process to PFP, NCRW and CC--Depending on the waste processing
scenario OST waste disposal costs are up to 3100 million less
expensive if the 8 Plant facility is utilized for waste
praetreatment of PFP, NCRW and CC using the TRUEX process. Washing
NCAW sludge in DSTs instead of B Plant requires a 3 yr
acceleration of the TRUEX process instaliation in 8 Plant
(1994 1ine item) to maximize cost savings.

The engineering and development efforts required to confirm the basis
for the preferred option can be performed simultaneously with the existing
pragram for implementing the B Plant NCAW sTudge washing demonstration with
minimal increase in cost. The sludge washing demonstration supports both
the currant baseline plan and the preferred option. Near-term B Plant
pragram costs and schedules will not be affected.

A decision analysis is provided in Appendix 0 which graphically depicts
on a time scale the tachnical and programmatic decisions required to arrive

at a viable DST pretreatment system. The alternate paths through the logic
tree result in the process and facility options described in this report.

The logic tree identifies the technology plan required to arrive at the
preferred pretreatment option and also identifies the backup options.
Following are the necessary supporting engineering and development efforts
that must be pursued in FY 1989 and FY 1990 to resclve the decision points
and confirm the preferred option,

l. Perform preconceptual design of an increased capacity TRUEX
process in B Plant as a 1994 Tine item.

2. Evaluate by March 1989 the impact on the HWVP project of
increasing the melter throughput from 45 kg/h to 100 kg/h.

3. Evaluate the heat transfer and safety aspects of washing NCAW
sludge in a 0ST.
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Evaluate the implications of in-tank NCAW sludge washing on waste
retrieval requirements, and on tank farm space requirements and
availability.

Develop plans for obtaining 400 kg samples of acid washed PFP, CC,
and NCRW solids in B Plant by 1996 in support of the HWVP WFQ
effort.

Perform an engineering study to define the impact of reducing
radionuclide contents in grout feed on the pretreatment and

vitrification program.

Develop a preliminary approach for removal of selected key
radionuclides from grout feed.
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6.0 COMPARISON OF DISPOSAL OPTIONS

The cost of transportation and disposal of the TRU and high-Tevel waste
fractions of processed waste streams is a potentially significant factor in
selecting the preferred pretreatment option. Because of the high costs
associated with disposal of waste in a high-level waste repository, there is
a major incentive to reduce the number of canisters of glass sent to the
repository. However, alternative disposal options, such as the WIPP, can
have a marked effact on the costs for waste disposal. The projected costs
for transportation and disposal of each waste type, given in this section,
demonstrate the importance of these factors.

6.1 DESCRIPTION OF DISPOSAL OPTIONS

Two geologic repository disposal options for immobilized TRU solids may
be possible. The alternatives addressed in this study consider disposal of

TRU solids in the high-level waste repository or in the WIPP in New Mexico.
The incentive for considering the latter disposal option is the significant

difference in disposal costs. Disposal costs at WIPP are estimated to be
approximately 333,000 per canister, including transportation, whereas the
estimated costs for disposal in the high-level waste repository are $350,000
per canister (Federal Register 1987). The greatest uncertainty to the WIPP
disposal option is whether all or a portion of treated PFP sludge and NCRW
is acceptable at WIPP as non-high-level waste.

6.2 COSTS AND IMPACTS OF DISPOSAL ALTERNATIVES
The repository and transportation costs for both disposal options have
been estimated for each waste type. In addition, disposal of a more

concentrated waste-loading product in WIPP has been estimated. The costs
are shown in Table 6-1; they are based on previously reported canister

6-1



>

SD-WM-TA-015 REV 0

Table 6-1. Comparison of Oisposal Costs (S Millien).
s | Wi epotary | YIPPrsposieny | Wie eposery
processa loading) teading)

NCAW-washing 170 - -
NCAW, TRUEX 42 - -
PFP-washing 140 13 8.3
PFP, TRUEX 35 33 2.1
CC-CD 300 29 8
CC, TRUEX 200 19 12
NCRW-washing 580 53 33
NCRW, TRUEX 140 13 8.3
S5T-75b, washing 5,200 490 310
$5T-758, TRUEX 1,300 170 100
SST-149¢, wash 8,400 790 490
S5T-149¢, TRUEX 2,700 250 160

aPratreatment progesses for sach waste type are described in

Section 4.9,

bAssumes retrievai and processing of waste from 75 557s.
cAssumes retrieval and processing of waste from 149 S5Ts.

6-2

75788-31209.6-1




92

SD-WM-TA-015 REV ©

projections for each pretreatment option and waste type. The high

waste Toading case assumes that a 40% waste Joading (instead of 25% waste
loading) is achieved for WIPP disposal. A higher waste loading reduces the
repository disposal and transportation costs proportionately. The higher
waste loading case is considered because WIPP disposal criteria are less
stringent, removing much of the waste form quaiity restrictions necessary
for disposal in a high-level waste repository.

Table 6-1 demonstrates the significant reduction in transportation and
repository costs by appliying the TRUEX process to all types of wastes. The
PFP waste and NCRW have the most promise as WIPP disposal candidates. The
cost projections show that more than $150 million can be saved in repesitory
cost by sending vitrified PFP and NCRW (pretreated by the TRUEX process) to
WIPP. Modification of the HWVP design or glass formulation to achieve a
40 wt¥% waste loading in the glass has a less pronounced effect, however,
only reducing the costs by an additional $6 million.

Although CC is generally considered not to be a plausibie candidate for
WIPP disposal, the projected repository costs are given for CC in Table 6-1

"to demonstrate the potential cost savings. Similarly, if retrieval is

necessary, disposal of SST waste at WIPP is guestionable, but projected
costs are given for comparison.

With the repository costs established, the effect of alternative
disposal options on the selection of the preferred pretreatment option for
each waste type can be determined. The WIPP option could remove the
incentive to process wastes qualifying for WIPP by the TRUEX process if
additional processing costs outweighed the costs of vitrification and WIPP
repository disposal. To determine the effect of the WIPP disposal option on
the total treatment and disposal costs, a number of cases have been studied.
Table 6-2 was generated using the disposal costs in Table 6-1 and the costs
for pretreatment, vitrification, grouting, and miscellaneous costs presented
previcusly.
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Table 6-2. Comparisons of Total Treatment
and Disposal Costs, Millions Fiscal
Yaar 1988 Oollars.

Pretreatment option Disposal option Cost
Sludge wash NCAW (B Plant); TRUEX |a. HLW repository--1,560 cans 3,400
remainderin B Plant (current b. WIPP, PFP, and NCRW--500 cans
baseline) HLW repository, NCAW, and CC—
1,060 cans 3,250
Sludge wash NCAW (B Plant); TRUEX | a. HLW repository--1,560 cans 3,150
remainder at 8 Plant; 100 kg/h b. WIPP, PFP, and NCRW--500 cans
meiter HLW renository, NCAW, and CC--
1,060 cans 3,000
Sludge wash NCAW in DST; TRUEX a. HLW repaository-1,560 cans 2,900
remainder 8 Plant b. WIPP, PFP, and NCRW--50Q cans
HLW repository, NCAW, ang CC--
1,060 cans 2,750
Sludge wash PFP (in-tank); TRUEX a. HLW repasitory--1,500 cans 2,850
remainder at 8 Plant b. WIPP, PFP, and NCRW--800 ¢ans
HLW repository, NCAW, and CC~700 2,600
¢ans
TRUEX all OST waste at 8 Plant a. HLW repository—1,200 cans 2,750
. WIPP, PFP, and NCRW--300 cans
HLW repository, NCAW, and CC--700 2,600
cans
Sludge wash NCAW in B Plant; a. HLW repository--3,350 cans 3,800
siudge wash remainderin DST b. WIPP, PFP, and NCRW--2,000 cans
HLW repository, NCAW, and CC—~
1,350 ¢cans 3,200
Siudge wash ail waste in DST; a. HLW repasitory--3,350 cans 3,700
complexant destruction CCin B Plant | b, WIPP, PFP, and NCRW--2,000 cans
HLW repasitory, NCAW, and CC--
- 1,350 cans 3,100
Sludge wash all waste in DST; a. HLW repository--3,350 cans 3,400
complexant destruction in DST b. WIPP, PFP, and NCRW--2,000 cans
HLW repasitory, NCAW, and CC-
1,350 cans 2,800
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Table 5-2 shows that the disposal option can affect, at Teast to some
degree, the selected pretreatment option for a given waste type. For
instance, by implementing the WIPP disposal option for PFP waste and NCRW,
the current baseline case is roughly equivalent in cost to sludge washing
NCAW in B Plant, and washing remaining waste in DSTs (i.e., ~$3.2 billion).
On the other hand, for wastes that are not a candidate for WIPP, such as CC
and NCAW, the TRUEX process is clearly the less costly option.

6.3 SUMMARY AND OBSERVATIONS

Because of the significant cost savings, the WIPP disposal option
should be actively pursued, especially for those wastes most likely to gain
acceptance in WIPP, i.e., PFP waste and NCRW. However, numerous
uncertainties exist, even for PFP wastes and NCRW, for gaining WIPP
acceptance. Strategies must be developed to improve the l1ikelihood of WIPP
acceptance of these wastes. Evaluation of these strategies must consider
the impact on the schedules of the pretreatment facility and HWVP.



!

9

SD-WM-TA-015 REV 0

This page intentionally left blank.

6-6



=™

fead

SD-WM-TA-015 REV ©

7.0 TECHNICAL ISSUES

In addition to the regulatory related issues described in Sections 5.4.2
and 5.4.4, several key technical issues which have an important bearing on
both waste processes and facility options have been identified. These issues
generally relate to the immediate need for characterization of the candidate
waste feeds and for pretreatment process development efforts. Resolution of
several of these issues must be provided on a priority basis. Several
conclusions made in this report should be considered preliminary until
sufficient development work required to resolve the issues has been completed.

o Can the TRUEX process be successfully applied to Hanford DST and SST
waste?

Numerous bench-scale tests have been performed in the development
of the TRUEX process on simulated Current Acid Waste (CAW) and
NCAW. Tests to date indicate that the TRUEX process is applicable
to NCAW, as well as PFP waste, CC, NCRW, and retrieved SST waste.
However, an enhanced development program is needed to define
operating parameters so that adequate flowsheets can be developed
to support design. Without this enhanced development program,
which should include pilot and bench-scale tests with simulated
and actual wastes, the ability to create LLW raffinate cannot be
verified. Verification of TRUEX process capability is jmportant
to confirm the selection of the TRUEX process as the primary
pretreatment option. More importantly, however, technology
development is needed to support processing design, including the
following:

- The organic solvent-to-feed ratio, which determines the processing
rate and size of columns or contactors

7-1
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The degree of acidification of the feed, which governs how much
acid is needed

The amounts and compasitions of scrub and strip solutions.

A1l of these factors can affect processing cost assumptions upon
which this study is based. However, none of these variables in
operation are expectad to affect the selection of the TRUEX
process as the primary pretreatment option. Consequently,
facility options are not sxpected to be affected.

An additional uncertainty affecting the results of this study is
the influence of high concentrations of zirconium in NCRW and
uranium in SST waste on TRUEX process operations. At the time of
this report, tests with high concentrations of thase alements have
not been performed to any great extent. High concentrations of
uranium can intarfere with the extraction of americium into the
selvent. Caonsequently, high organic-to-aqueous (0/A) phase ratios
have been conservatively postulated to account for the uranium
intarfarence. Additional technological development on the
influence of zirconium and uranium will better define the
operating parameters for a more refined estimats of processing
costs, equipment size, and production rates.

Although increased knowledge of TRUEX processing hehavior will
probably change the cost estimates in this report, subsaquent
sensitivity analysas are not expectad to alter the preferred
pratraatment or facility options.

How much sludge will dissolve and what is the impact an
vitrification and grout waste forms?

The most influential uncartainty associated with the TRUEX process
in this study is the assumed amount of sludge that will dissalve
in acid. Presently, 75% of OST sludge is assumed to dissolve in

7-2
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nitric acid, and because of suspected insoluble cancrinite,

70 vol% of S3ST sludge is assumed to dissolve in nitric and oxalic
acid. These values are based on lTimited laboratory data with
actual and simulated waste samples. Similarly, the amount of CC
solids that will dissolve in acid is uncartain. Again, based on
very limited laboratory data, it is assumed in this study that CC
solids do not dissolve in acid. As discussed in Section 4.0,
however, 75% solids dissolution would in turn reduce the canisters
of glass by 75%. Development of dissolution concepts and a better
understanding of the dissolution process for each wasta type will
provide a much greater certainty on the processing costs for each
waste type., Variation from the sludge dissclution assumptions
used in this study will directly affect the number of canisters of
glass that would be generated. Pretreatment facility equipment
sizing and processing throughputs wouid be directiy affected. The
disposal costs for each waste type would also be altered which
could in tufn influence the preferred pretreatment process and
facility option. Laboratory-scale tests need to be performed as
soon as possible using representative waste samples to obtain
disselution data and optimize dissolution parameters.

What is the effect of waste treatment on glass acceptability and
waste form qualification?

The projections of glass canister numbers are generaliy based on a
25 wt% concentration of waste oxides in the vitrified waste
product. The waste loading 1imit for the HWVP glass melter is
basad on glass quality and processing limits. The preliminary
procass flowsheets developed for this study (flowsheets will be
included in the final September 1988 report) and glass canister
estimatas are basad on the 25 wt% waste oxide loading limit.
However, waste loading 1imits have also been established
independently for individual waste components. Plutonium
Finishing Plant waste, for example, contains high concentrations
of chromium. Although the combined waste loading 1imit for all
waste oxides is 25 wt¥%, the present limit for Cr,0,, which is
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based on the formation of chramium spinel crystals on the floor of
the glass melter, is 0.5 wt%. These individual camponent
processing 1imits can impact the acceptability of the waste feed
to glass. Other wastes such as NCRW will contain high
concantrations of zirconium and fluoride relative to prescribed
limits. High concentratiens of other refractory components in the
glass could resuit from applicatiaon of acid dissolution and the
TRUEX process to the wastes. The net result is that the feed
material from these wastes must be procassed at less than 25 wi%
waste loading. Consaquently, the number aof canisters could
increase significantly, and HWVP processing costs and disposal
costs would increase. As part of the WFQ effort, development of
laboratory and bench-scale testing must be performed as soon as
possible to address these impacts.

Qther development efforts currently underway in HWVP could help
provide resolution to this issue. [f the projections of chromium
concentrations for PFP sludge are accurata, the number of

canisters needed for PFP sludge with TRUEX would increase from 100
to over 2,000. Without TRUEX, the projectad number increases from

400 to over 8,000. Obviously a technigue is needed to improve the
ability of the melter to process higher concentrations of
chromium. DOevalopment effaorts are currently underway in HWVP to
addrass the accumulation of noble metals in the melter. [t is
thought that the technique developed to accommodate noble metals,
such as a bottom drain, could be used as the basis for increasing
allowable congcentrations of chromium in the glass.

Changiﬁg the order of the initial waste feed to HWVP from NCAW to
PFP or NCRW would impact the HWVP feed specifications which are
presently based on NCAW, This will have a direct impact on the
WFQ affort. The WFQ strategy assumes that 6.5 yr is required from
the completion of radicactive tasting to the final acceptanca of
the Waste Qualification Report. The impact of the potential



SO-WM-TA-015 REV 0

processing changes to WFQ and subsequent potential impacts, if any
to other HWVP project schedules need to be assessed as soon as
possible. '

What is the effect of the procassing options on gqrout?

The Final Environmental Impact Statement (UQE 1387) identified
several key radionuclides in SST and DST wastes, inciuding: '*C,
$98r, 9T, '°C°Ru, %I, '*7Cs, '%*'Sm, **°%Pu, **°Pu, **‘Am. The
distribution of the kay radionuclidaes betwean grout and glass
products from DST waste is briefly addrassed in this section.

Table 7-1 shows the expectad concentrations of key radionucliides
in grout from treated OST wastes as a function of the sludge
treatment process. They are compared with class A and € wastes as
defined in 10 CFR 61 and the concentrations reported in the
HOW-EIS on which tha performance assassments wers basad. In
sludge wasning operations, **C, ?°Tc, and '*°[, because of their
knawn aquecus phase 50tubility, are expacted te remain in the
grout product. They are also assumed to be sent to grout for the
TRUEX process for conservatism, even though ?%Tc is expected to be
stripped from the solvent and sent to glass. Conversely, **'Sm,
t39py . 2eapy, and **'Am will all report to tha glass product
irraspective of the sludge traatment procedure. In the TRUEX
process these latter nuclides are selectively extracted by the
CMPQ solvent and then co-stripped into a dilute HNO, solution
which is combined with any undissolved studge for vitrification.

Distribution of *37Cs and *°Sr between glass and grout products is
of special concern and significance in processing of retrieved DST
wasta. Double-shell tank wastass contain significant
cancentrations of these key radionuciides. Because it is very
water solubla, '37Cs would generally be expected to distribute to
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Table 7-1. Expected Concentrations in Grout {(Ci/m?).
p .
NCAW ﬂﬂz ge NCRW cc Compaosite 10 CFR 61
Radionudides Sludge Sludge cOmpiexanu HDW'E'S

TRUEX | TRUEX TRUEX TRUEX TRUEX ass ass
S05¢ N/48a h/2gb | N/2.3 N/30¢ N/33d 51010 0.04 7,000
137¢s 78/55 | 4.812.3 |20/10 85177 79/65 401060 1 4,600
1aC NPINP | NPINP |NP/NP NP/NP NP/NP 0.003 to 0.01 0.8 8
99T¢ NP/NP | NP/NP | 0.0097/0.0051 NP/NP S6E-04/4.7E-04 10.05100.08 0.3 3
129 NP/NP | NP/NP § NP/NP NP/NP NP/NP 104 0.008 0.08
Alpha (TRU) nCilg N/N N/N NIN NIN N/N 61067 10 100 '

0 AJY S10-VL-WM-QS

aAssumes removal of 9057 using rare earth sulfate precipitation.
b1.4 with 9057 removal.
<1.5 with 205¢ removal.
d10 with %05r removal.
N = Negligible - assumes all radionuciides go 1o glass for lack of conclusive data 1o indicale otherwise.

NP = Not present or hot analyzed.

P57848-3209-2-1
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the grout product in both the sludge washing and TRUEX process
treatments. The exception is with NCAW which employes a
radiocesium removal step with ion exchange resins. For this
study, 95% of the radiocesium in NCAW is expected to be removed
from the grout stream and directed to the vitrification feed tank.

Over 90% of the *°Sr in DST waste is present as water-insoluble
forms in the sludge fraction of the waste. Hence, glass made from
watar-washed sludge will still contain essentially all the ®°Sr
initially present in the sludge, leaving negligible amounts in the
grout product. But 75% of %°Sr, solubilized when the siudge is
dissolved in acid sclutions, is not extracted by the TRUEX process
solvent and remains in the aqueous raffinate which, after addition
of NaOH, constitutes feed to the grout process.

Comprehensive performance assessments and other* studies must be
performed to fully evaluate environmental and other impacts of

near-surface disposal in grout form of all of or part of the
inventory of *27Cs, °°Sr, uranium and various other key

radionuclides in DST and SST wastes. The environmental impacts of
near-surface disposal of hazardous chemicals in these wastes also
need to be evaluated. Such performance assessments may show the
necassity or desirability of removing selacted components of the
dissolved DST sludge prior to grouting and near-surface disposal.

The primary component toc be considerad for removal is ?°Sr to meet
the grout concentrations assumed in the HDW-EIS and to satisfy the
heat leading limits in grout. Incorporation of a $5% strontium

*For example, detailed analysis of the thermal strassas on grout
properties and behavior as well as on all components of the grout disposal
system from the 37Cs and/or %°Sr content of all DST wastes needs to¢ be
Also the effects of organics introduced from the wastes and the TRUEX
process must be evaluated.
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removal process for the TRUEX process raffinate would reduce
concentrations to values consistent with the HOW-EIS. Table 7-1
exemplifies the need for strontium removal for NCAW, PFP and
possibly CC wastes.

Candidate *°Sr removal processes include scavenging by preformed
antimonic acid (Sb,0, x H,0), solvent extraction by
bis(hexoxyethyl)-phosphoric acid, and rare earth precipitation in
sulfata solutions (see Sectiom 4.2). B8ut, plant scale application
of these (or other potential ?°Sr removal technology) procssses
will require extensive tasting and development with both simulated
and actual dissolved OST and SST sludges.

8efore considering the need for strontium remaoval processas or other
pretreatment enhancements, characterization data and knowledge of
pretreatment aefficiencies must be obtained. Characterization and
procass development testing must be accelerated to support the
salection and design of pretreatment processes.

What is the impact of the processing options on 0ST spaca
availability and waste retrieval capabilities?

Preliminary assassments indicate that two additional 0STs are
required to store the waste as compared to the requirement in
Riley 1988a for applying the TRUEX pracess to all DST waste, gr
for in-tank washing PFP waste or NCAW and application of the TRUEX
process to the remaining OST wasta. Preliminary evaluations also
indicate that it will take approximately one year to retrieve
waste from a JST.

Can the NCAW sludge be successfully washed in a 0ST?

The proposed washing of NCAW sTudge in existing 0STs or in
AR Vault requires & technical analysis to assure that thera are no
safety issues as a result of excessive temperatures in the settled
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sludge. The current programs for waste retrieval and solids
washing need to be reviewed and modified if necessary to support
NCAW washing in a OST. The impact of washing NCAW sludge in a OST
on waste volume projections and tank space availability in the
1950s needs to be determined.
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APPENDIX A
PROCESS FLOWSHEETS

This appendix provides simplified process flow diagrams of the
pretreatment process options considered in this study (Figures A-1 through
A-10). The preferred alternative shown in the Hanford Waste Management Plan
(DOE-RL 1987) is noted in the figure caption. The pretreatment options shown
do not include optional cesium and/or strontium removal steps for Plutonium
Finishing Plant (PFP) waste, neutralized cladding removal waste (NCRW), and.
complexant concentrate (CC). These steps would be considered to reduce the
fission product concentration in the grout product, if desirable or necessary.

This appendix also provides preliminary chemical process flowsheets for
the baseline transuranic extraction (TRUEX) process for PFP waste, NCRW, CC,
and SST waste (Figures A-11 through A-14). The NCAW sludge washing flowsheet
is provided in Gibson, Landeen, 1987. The flowsheets provide the bases for
grout volume and canister number projections for each waste type. The flow-
sheets also provide waste stream compositions and volumes which were used to
approximate the pretreatment facility equipment requirements and throughout

rates.

The glass canister projections (Tables A-1 through A-4) which are high-
lighted in the tables of this appendix, are based on a maximum of 25 wt%
total waste oxides in the glass product. There are two special considera-
tions, however: (1) In the case of NCRW, the individual waste oxide 1imit
for zirconium governs the canister projections. The canister projection of
400 for NCRW js based on the Zr oxide limit of 15 wt%, not the 340 canisters
projected by the 25 wt% total waste oxide limit and (2) Although the canister
projections for PFP are 100 cans with TRUEX using the total waste oxide limit,
it is over 2000 cans based on the 0.5 wt% limit for chromium oxide., Since
PFP has not been fully characterized to confirm the chromium content and since
development of techniques to substantially increase the waste oxide limit for
chromium is likely, it was not considered reasonable to increase the canister

projection beyond 100.
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Cesium Removal--Curvent Hanford Waste Management Plan Baseline.
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Neutralized Current Acid Waste Pretreatment Process Options--

Sludge Hashing, Cesium
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Figure A-3. Plutonium Finishing Plant Haste Pretreatment Options--Sludge Washing,
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Figure A-4. Plutonium Finishing Plant Waste Pretreatment Options--Transuranic Extraction--Current
Hanford Waste Management Plan Baseline.
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Figure A-5. Neutralized Cladding Removal Waste Pretreatment Process
Options--Sludge Hashing.
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Neutralized Cladding Removal Waste Pretreatment Process Option--
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Figure A-10. Flow Diagram of Acid Dissolution - Transuranic Extraction Process with Uranium
Removal for Pretreatment of Single-Shell Tank Wastes.
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Figure A-11.

from Plutonfum Finishing Plant Sludge.

Overall Process Scheme for Removing Transuranic Elements
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Figure A-12. Overall Pracess Scheme for Treating Neutralized Cladding
Removal Waste with Transuranic Extraction Process.
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Figure A-13. Overall Process Scheme for Treating
Transuranic Extraction Process.
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Table A-l. Canister Projections for Plutonium Finishing Plant with
Transuranic Extraction.

. xid a ' N
s | s || s | S | e ot | T | S | s | T
Na 1900 {40,693 | 0.004 182 31.00 4415 | 0.105 0.055 [ 8.03c+04 a9
Al 2.189 4,048 0.019 76 50.95 3.892 0.092 0.065 5.99€ » 04 36
504" 0.100 | 2,133 | o.004 7 30.00 597 | 0.014 0.005 | 1.19€ +05 73
3 0.099 | 2,120 | g¢.011 2 19.00 458 | 0.011 0.017 | 2.59E+04 16
ca 0.008 163 | 0250 a1 56.00 2279 | 0.055 0.050 | 4.56E +04 28
Mg 0.010 210 { 0.250 52 40.30 2,115 0.050 0.050 | 42304 2%
Fa 0.012 257 | 0.464 119 79.85 9.519 | 0227 0.150 | 6.35E+04 39
Mn 0.003 73 | 0250 18 70.90 1,291} 0.031 0.056 | 2.586 +04 16
Cr 0.041 378 0.250 220 76.00 16,684 0398 0.605 3.34E+06 | 2,000
Total - - - - - 413E+0&| 1.000 0.250 | 1.65E+05 [ 1g0
PST38.3205-A-1
Table A-2. Canister Projections for Neutralized Cladding
Removal Waste with Transuranic Extraction.
e | 2 | | R | SRR | | onemss | (S gl | cumta | TR
Na 6.709 |20,187 | 0.026 528 31.00 16382 0.118 0.055 | 3.66E+05] 220
K 0.249 749 0.026 0 47.00 922 0.607 0.055 1.58€ + 04 10
Al 0.138 403 0.070 28 50.95 1,438 3.010 0.065 2.21E+048 13
F 5296 | 15935 | 0034 546 19.00 10381 | 0.075 0.017 [ 173406 | 370
ca 0.028 83 | 0.250 21 56.00 1,167 | 0.008 0.056 | 2.338+04 14
Fe 0.080 180 0.421 76 79.85 6,038 0.044 0.150 4.03E «04 24
Mn 6.030 91 0.250 23 70.90 1,621 0.011 0.050 32404 20
¢ 0.027 81 | o250 20 76.00 1,532 | 0.011 0.005 | 3.06E+05| 190
La 0.003 9 | o250 2 163.00 358 | 0.003 0.050 | 7.36E+03 45
Zr 1056 | 3,159 | 0250 790 123.00 97,149 | 0.702 0.150 | 6.486+05 | 400
sn 0.008 2s | o250 § 135.00 833| 0.006 0.05¢ | 1.67E+04 10
Total - - - - - 1.42E€ « 05 1.000 0.250 5.66E » 05 3ao
PSTRB-3209-A-2
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Table A-3. Canister Projections for Complexant Concentrate
with Transuranic Extraction.
Efement | Foed Totai | Fraction | Kg-mol | Malwt Oxides kg Onides wt !igli:ﬁt Glass kg Nug-:fber
gmoll | kg-mol | toglass | toglass | ~oxide fraction fraction canistars
Na 10.151 | 163.328 a4.007 1.211 3140 37,534 2.157 0.055 8.32€ + Q5 420
Al 8.713 | 11,510 0.029 332 50.95 16,900 0.071 0.065 | 2,60E »05 160
Fe 0.045 | 713 0.702 513 79.85 40,987 | 0.172 0150 {2.738+05] 170
Mg s.01a | 218 2.948 207 4030 8345 | 0035 0.050 | 1.67€+05 | 100
Cr 0.018 | 287 0.295 8s 76.00 6.429 | 0.027 0.005 | 1.296+06 | 780
Mn 0.019 { 311 0.336 120 70.90 850t | 0.035 0.050 | 1.70£408 | 100
Ca 0.016 | 255 0.138 48 56.00 2680 o0.0n 0.050 | 5.36£ +04 33
si 0.110 | 1,780 0.97¢ | 1,738 60.100 108,232 0.437 0.500 | 2.08€ +05 130
La 0.003 a2 0.723 31 162,900 4973 0.1 0.050 | 9.958»04 60
504, 0.095 | 1,535 0.014 21 30.00 1,719 |  0.007 0005 | LaaE+05] 210
F. 9,123 | 1989 0.145 291 19 5527 | 0.023 0.017 | 3.256+05 | 200
Total - - - - - 2.39€ +05 | 1.00E « 00 3.250 9.70E +05 580
. A5783-320%-4.3
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Canister Projections for
75 Single-Shell Tanks with
Transuranic Extraction.

oades | oudes | oudes | owaes | e | ore

<omponent (1) (%} {%) (%} canisters

Na, O 456 22,0 3.5

Al0y 663 32.0 8.0

§04 1 0.1 0.0

2,04 10 2.5 0.1

SiC, 647 31.2 78

CeQ, 19 0.9 0.2

Cry04 9 a.5 0.1

Fe,0, 68 33 0.8

5rQ 3 0.1 Q.0

8i,0¢ 21 1.0 0.3

CaQ 12 0.6 9.1

MnO, - 13 0.6 .02

Niy 04 17 0.8 0.2

Zr0, 22 1.1 0.3

UQy 106 5.1 i3

F 2 LR 0.0

cr- aQ 0.0 0.0

Total 2,071 100.0 25.0 25.000 5.100
PETER-3209-A4
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APPENDIX B

MAJOR ASSUMPTIONS AND COST BASES

The bases for estimating the disposal mission costs for the pretreatment
options are provided in this appendix (Tables B-1 through B-3). Included
are Hanford Site operational assumptions, Hanford Waste Vitrification Plant
(HWVP) and Grout Treatment Facility (GTF) assumptions, and assumed capital
and expense costs for the facility options. Costs judged to be minor and
costs that are common to all of the alternatives are not included.

Also included in this appendix are total costs in Fiscal Year (FY) 1988
dollars for each process/facility option evaluated in Section 4.0 and
Section 5.0 of this report (Tables B-4 through B-10). The cost elements
{capital and operational) for each option are shown, as well as the

pretreatment and vitrification start and completion dates. Expense costs
are also provided on a year-by-year basis for the current baseline and
preferred pretreatment alternative (Tables B-4 through B-3). Case designa-

tions for the options are defined in Appendix D.
HANFORD SITE OPERATIONAL ASSUMPTIONS
¢ N Reactor operations

- N Reactor does not resume operations

- Irradiated fuel in the inventory is processed in PUREX through
1992 (Ludowise 1988) (see Table B-1)

B-3
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The Process Facility Modification (PFM) (shear-Teach) facility
will not be constructed. Fast Flux Test Facility (FFTF) and
pressurized water reactor (PWR) Core II fuels are to be processed
at Hanford using existing or similar (to PFM) processing
technology. One thousand three hundred and seventy-seven metric
tons of uranium (MTU} of FFTF fuel and 51 MTU of PWR fuel are
procassed in FY 1992 and FY 1993, respectively (see Table B-1)

Plutonium Finishing Plant (PFP) operations
Plutonium Finishing Plant operating through FY 1997 using
sequential operations of the Plutonium Reclamation Facility (PRF)

and Remote Mechanical "C" Line

The transuranic extraction (TRUEX) process will be available for
treating PRF raffinate in FY 1993

The HWVP operations--The HWVP will begin operations in fourth
guarter FY 1999

B-4
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Table B-1. The PUREX
Facility Operating

Schedulse,
Fiscal Metric tons
year of
uranium

1984 1,047
1985 1,057
1986 1,077
1987 125
1988 400
1589 837
1990 600
1991 600
1992 - 5402
1993 1,377b

aith 51 from pressur-
ized water reactor.

bFast Flux Test Facility
fuel. .

® Grout .operatijons--The GTF began operations in September 1988. The
waste processing schedule {in millions of gallons of feed processed
per year) will be 0.5%,0.5,1,1,2,5,5,...

e B Plant pretreatment operations--Scheduled operations for
pretreatment of neutralized current acid waste (NCAW) are as

follows (Reep 1988):

Start Complete
Praparations 4/85 9/92
Demonstration 10/92 9/93
Replace Canyon Crane 9/93 3/94
Process Tank 1 NCAW 4/94 3/96
Process Tank 2 NCAW 4/96 9/98

¢ Tank farms--AQ Tank Farm is not constructed.
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OTHER BASES AND ASSUMPTIONS

e Hanford Waste Vitrification Plant

Value
- Yearly output, double-shell 145
tank (DST) waste -
(canisters)*
- Yearly output, single-shell 325
tank (SST) waste
{canisters)*

- Kilograms glass/glass canister 1,650

- Waste feed oxide Toading 25

Reference Ls
Wright, G.
Pers. Comm.

Wright, G.
Pers. Comm.

Mitchel 1987
Mitchel 1987

¢ Grout--Grout volume calculations assume that the feed is adjusted
to 5M Na. The final grout volume is 1.3 times the feed voiume.

*Average value assuming 6-mo outage every 3 yr for replacement of glass
melter. This value assumes a melter capable of producing 45 kg/h glass for
DST waste, and conversion to a 100 kg/h melter for SST wastes. A melter

ramp-up schedule is used according to Henderson 1986.

Mon-base cases assume

a 100 kg/h melter is available at startup of HWVP for OST waste, which is

equivalent to 320 canisters/year.

B-6
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Table B-2. Cost Bases and Assumptions--Expense Costs
(FY 1988 Dollars). (Sheet 1 of 3)
Parameter Value Unit Refarence
B Plant operations
Neutralized current acid
waste pretreatment
Fiscal Year 1988 22.0 MS/yr Reep 1588
1989 23.9
1990 23.8
1991 30.3
1992 33.0
1993 33.1
1994-1998 33.9
Cost to ramp down B Plant
for shutdown
Fiscal Year 1988 22.0 MS/yr Reep 1988
1989 23.9
1990 19.9
1991 10.0
1992 8.0
Cost to demonstrate pre-
treatment and generate
Waste Form Quaiification
samples, followed by
shutdown
Fiscal Year 1988 22.0 MS/yr Reep 1988
1989 24.0
1990 24.0
1991 30.0
1992 33.0
1993 33.0-
1994 29.0
198§ 18.0
Cost for B Plant cold 8.0 MS/yr Reep 1988
shutdown
Plutonium Finishing Plant, 36.2 M$/yr Place 1988
neutralized cladding removal
waste, and neutralized
current acid waste transur-
anic extraction operations
Complexant concentrate 42.1 - M$/yr Place 1988

transuranic axtraction,
and complexant destruc-

tion operations

B-7
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Table B-2. Cost Bases and Assumptions--Expense Costs
(FY 1988 Dollars). (Sheet 2 of 3)

Parameter Yalue Unit Raference

New stand-alone facility operations

Neutralized current acid 34.0 MS/yr Placa 1988
waste, Plutonium Finishing

Plant and neutralized

cladding removal waste

transuranic extraction

operations

Complexant concentrate, 40.1 MS/yr Place 1988
transuranic extraction/
complexant destruction

operations
Expanded Hanford Waste Vitrification Plant
pretreatment operations?
Neutralized current acid 31.9 MS/yr Place 1988

waste, Plutonium Finishing
Plant, and neutralized
cladding removal waste
transuranic extraction

Complexant concentrate 37.8 MS/yr Place 1988
transuranic extraction/
complexant destruction

operations

Hanford Waste Vitrification Plant melter operations
Doubie-shell tank waste 43.1 MS/yr Reick 1988
(45 kg/h)
Single-shell tank waste 53.8 M$/yr Reick, pers. comm.
(100 kg/h)

Grout Treatment Facility operations

Cost per m* grout madeb .002245  M$/md Williamson, pers.

Comm.
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Table B-2. Cost Bases and Assumptions--Expense Costs
(FY 1988 Dollars). (Sheet 3 of 3)

Parameter Value Unit Reference

Repository disposal costs

High Tevel waste 0.35 M$/CAN. Federal Register,
repasitory, cost 1987

per glass canisterc

Waste Isolation 0.025 MS/CAN. Carothers 1987

Pilet Plant, cost
per glass canister

Waste Isolation Pilot Plant transportation costs

Cast per glass canister 0.008 MS/CAN. Carothers 1987

Double-shell tank waste retrieval costs

Double-shell tank 3.0 MS/tank Stegen,
waste retrieval pers. comm.

In-tank wash- operations

In-tank wash operations 0.0002 $/m? Preliminary
Estimate

2 Incremental increase during melter operations.
®Includes capital costs for replacement of transportable grout

equipment.
¢Includes transportation costs.

B-9
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Table B-3. Cost Bases and Assumptions--Capital Costs

(FY 1988 Doilars).

(Sheet [ of 2)

Description Millions Reference
B Plant Modifications to 70.0 Reep, pers. comm.
generate Waste Form
Qualification samples
{no crane)
B Plant modifications cost 28.0 Reep 1988
with no further operations )
B Plant modifications, 2 tanks 93.0 Reep 1988
neutralized current acid waste
B Plant modifications, dissolution, 67.0 Rode 1988
transuranic extraction
B PTant modifications, 100.0 Rode, pers. comm.
extra-capacity dissolution,
transuranic extraction
B Plant post 2000 capital costs
Doub1e-shg11 tank only 26.0 Reep, pers. comm.
Double-shell tank, 42.0 Reep, pers. comm.
12 single-shell tanks
Double-~shell tank, 69.0 Reep, pers. comm.
75 single-shell tanks
Double-shell tank, 92.0 Reep, pers. comm.
149 single-shell tanks
New stand-alone facility 242.0 Garfield 1988
New facility post 2000 capital cost
A1l double-shell tank only 12.3 Reep, pers. comm.
DoubTe-shell tank, no neutralized 7.3 Reep, pers. comm,
current acid waste
A1l double-shell tank, 15.8 Reep, pers. comm.
12 single-shell tanks
All double-shell tank, . 42.0 Reep, pers. comm.
7% single-shell tanks
All double-shell tank, 58.0 Reep, pers. comm.

149 single-shell tanks
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Table B~3. Cost Bases and Assumptions--Capital Costs

(FY 1988 Dollars).

{Sheet 2 of 2)

Description

Miilions

Raference

Expanded Hanford Waste
Vitrification Plant
(pretreatment only)

PUREX pretreatment

' Rework preliminary Hanford

Waste Vitrification Plant
design :

Upgrade waste transfer line

162.0

140.0
7.0

29.0

Garfield 1988

Preliminary estimate

Garfield 1988

Diliberto, pers. comm.

8-11
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‘Table B-4,

RISUMPTINNS CASE A

SD-WM TA-015 REV Q

Current Basaline (Case A) Capital

CASE A CAPITAL COSTS

GENERAL :

HLL PRETREATHENT AT B8 PLANT.
USES REF.PRETR. PROCESSES,
FROCESS MO SST

45 RG/HR MELTER

SPECIFILC:

PRETREATHENT PROCESS
~NCHK . SL:‘:/SH
“PFP, 0OISSs TRUEN
-CC, TRUEX,CD
~HCRM, DISS/TRUER
-55T

PRETRERTHENT THROUGHPUT
PFP~- 25 MO

CC- 46 RO

NCRH- 51 HO

HEAK=55 A

95T~

IHHOBILIZATIGN THROUGHPUT
GLASS HHUVP
MCAH~39 HO
CC-+41 HG
PER~7 HO
HERH-29 MO
S5T=

OISPOSAL

HLW REP.,
-PFP
=20

BLASS CHNISTERS~
NCAM= 435
CC- 520
HCRH=- 400
PEP- 100
ST~

LLH GROUT VOLUNES-
CC-229000 nd
NCRH-3980C n3
PFP=2100 »3

S5T-0 n3
NCHK=14000 n3

B PLANT UPGRADES, DEHO OQNLY
FULL & PLANT UPGRROES
B PLANT mQO,0ESS.,TRUES

B PLANT MOD.EXTRA CAPACITY OISS,TRUER

B8 PLANT PUST 2000 CAPLITAL COSTS
05T oMLY

asr, 12 s$5T

05T, 79 25T

05T, 143 s5T

NEM STAHD-ALUNE FRACILLTY

NEH FACILITY POST 2000 CAPLTAL COST

ALL OST OMLY

0ST, MO NCAH

ALL 0ST, 12 s57

ALL QST, 7S S5T

ALL OST, 149 25T .
HWi/P, HID POINT CONSTR.
EXPANUED HHVP

REMURY PRELIN HMWUP QESTISGN
UPGRADE HASTE TRARSFER LINE

TATARL CAPITAL FOR THIS CASE

B-12

APPLIES TO
THES CHSE? MILLIUNS
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YES

YES
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YED
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B PLINY UPELRTIONS

HEW FHCLLITY OPERAVIONS
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HHHIAGE TRLAL BLSFusty olERITTOHG. LT |
55,48

FOTIOL LUHULITIVE
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Table B-5. Current Baseline (Case A)--Yearly Operating Costs.
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HESURPTIOMS CASE C

SD-WM-TA-015 REV 0

¥

Current Baseline (Case C 100 kg/h Melter)

Capital Costs.

CAZSE C CAPITAL CHSTS

GEMERAL :

HLL PRETREATHENT RT B PLANT,
USES REF.PRETR. PROCESSES.

PROCESS NHO SST
100 KG/HR MELTER

EXPANDED OISSOLUTION CHPRELITY

ZPECIFIC:

FRETREATHENT PROUESS

~MCHH, SLS.SH
~PFP, OISsy TRUEM
~CC, FRUEX,CO
=NLCRK, QISS/TRUER
-58T

PRETREATHENT THRUUGHPUT

pFP= 13 HO
cC- 35 Mo
NCRH- 23 ng
HCRH-S4 10
S5T-

ITHMOBILIZATION THROUGHPUT

GLASS HWWP
NCRH-20 HO
cC-139 HO
PFP-3 M
NCRH=-13 MO
£37-

QLSPUSAL

HLW REP.
-PFP
-CL
~MLRH
=537

WIPP
~NEQHE

GLASS CANISTERS~—
NCAH- 483

cc~ 380

NCRH- 400

PEP= 100

SS5T~

LLR GROUT VGLUMES-
CC-74000 nd
NCRK=-3800 =3
PFP=-2103 n3

SET-0 m3

MCAH- 14000 n3

B PLANT UPGRARES, OEMG ONLY
FULL 8 PLANT UPGRAQES

g PLANT HOO,0IS5.,TRUER

8 PLANT HOO,ELTRA CAPRCITY DISS,TRUEH
B PLANT POST 2000 CAPITAL CBsTS

Q57 ONRY

asr, L2 5T

Qst, 73 sSET

57, 149 =5T

NEM STAND-ALOME FACILETY
NER FACILITY POST 2000 CRPLTAL CusT
ALL 03T QnLe

05T, NO NCAW

ALL OsST, 12 sS7

RLL DSY, 75 95T

ALL OST, 149 SST
HULP, HIO POINT CONSTR.
EAPANOED HHVP

REHUORK PRELIM HHUP CQESIGN

UPGRAQE HASTE TRANSFER LINE

TATAL CAPITAL FOR THIS CHEE

APPLIES TQ cost
THIS CRESEF HILLIGNS

kg oy e o g o

o

YES 93

E7

YES 1w

YES i

s

k3

2

o e

12.3

15.3

42

23

YES 22q

LE2

7

YES <
116a
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. Table B-7.

g
B PLANT DPERATIIS 2.0
HEH.FRACILETY OFERATIONS
BIF OFEROTIONS
HHUF OIERATIUNS
NESCELLANECUS
SIHPPING (XD EEFOSITORY DISPOSIL
AHNUAL TOFAL OISPOSAL QPFERNTIOHS 22.0
TOrnL CUHULATIVE 22.4

Current Baseline {Case C 100kg/h Melter) Yearly

[N R

P |

23.1
45.9

Operating Costs.

1y

23.u

23.4
3.7

HOTE: HISC. COSYS = HMAYTE REVRIEVAL, ITH- THHED HIGHEHLG,

HOSTE EVAPORATION, RHD TECH. Gub.

P 1T S
B FLANY OFERAVIUNS 0.0 1
HEW FRCILITY OPEREATIONS
GIF OPERATIGHS
HHVP OFCEATIUNS S3.0 LEN:]
HISCELLAMEDS
SHIPPIHG #HL FEPOSITORY DISFISHN.
RHHAG TOINL DISEOSEL GFERATIONS 9.8 qh.9
10V CEHULATIVE £35S £5l.4
P13 RN
B PLUHE OFEEDLIuNS [IN]] e
HEW FRLLLITY CFEEN]IONS
GTF OPLEATTuns
RHVYE OFERRTIUNS [IRT] LI
HISCELLHHEOUS
SHIEFIHG AHD BFOOST DR DISrulan
AL 10 OISENSIL OPERMN . 1. w.n
TUHIL L UNULOE IVE | N PHLG. G

I

42,1
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5.9
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11D
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9.3
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3.9
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[
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u.u
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149 1390 1499
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GENERHAL 3

HASH NCHH [M OST

FRUEX RERRINDER AT 8 FLHNT.
USES REF.PRETF. PRUCESEZES.
PROCESS NO SST

100 KG/HR HELTER

EXPANOED OLSSALUTION CHPALLTY

SPECIFIC:

FRETREATHENT PROCESS
~HLHH, SLS/SH
-PFP, DISS, TRUEN
-2, TRUERCO
-NCRH, OISS.TRUEN
-$5T

PRETREATHENT THROUGHFUT
PFP- 13 M0

LC- 35S M

NCRH~ 23 MO

NCAM=-Q MO

§5T-

IMHOBILIZATION THROUGHPUT
GLASS HWWP
NCAW-20 MO
cC-13
PFP-3 M
HCRH=-13 HQ
SST~

OLSPASHL

HLH REP.
-pEP
-CC
-NCRM
55T

HIPP
~NUME

I5LASS CANISTERS-
HCAMW- 483
GC~- 380
HURK=- 440
PFP- 100
58T~

LLH GROUT LOLURES~
CC-74000 ~3
NCRY-3I800 -3
PFP=-2100 n3

S5T-0 m3

NCAK= 14000 =3

SD-WM-TA-015 REY 0

Praferred Option (Case G) Capital

Costs.

LHEE 6 CRPITAL LUsSTS

g PLANT UPGRADES, OERO ONLY
FULL B PLANT UPGRACES
g ALANT MO0,0152.,TRUER

B PLANT nul,EXTRA CAPACITY DISS,TRUEM

8 PLANT PUST 280100 CRPITAL COSTS
OuT GNLY .
0sT, L& S3T
Q=T, 7S &sT
0sT, 149 =57

HEH STANE-ALUME FACTLITY

HEW FACILETY PIST 2000 CAPITAL COST

ALL 05T LY

QST, a0 NCAM

UL UST, 12 £5T

ALL OST. 7S S37

ALL 05T, 149 SST
HHLP, HIO POINT CONSTR.
EXPRNUED Huue

REMORK FRELIHM UWUP DESIGN
UPGRRAGE MASTE [RANSFER LINE

TOTAL ERPITHL FIOR THIS CRSE
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B PLORY OFERMIONS

HEM FRCILETY OPERATIONHS
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ARRIGL VOTAL DLS{0SS. OFLFATIORS
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HEH FRCILITY UPERNTIONS
GTF OPEROTIOHS
HHvP CPERATEGHS
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SHIPELING FHD REPUSITORY DISPOSAL

RHHUAL TOTAL DISPOSAL OFERKTIOND
TGIAL CUNITIVE

B PLOME OVERI LS

HEM FACILITY GPEhariums
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Table B-10. Comparison of Oouble-Shell Tank Pretreatment
Alternatives, (Sheet 1 of 19)

Description of Alterpative: Case A Current Baseline (See Appendix D)

Sludge wash NCAW at 8 Plant
TRUEX remaining waste at B Plant
45 kg/h melter

Total Lifecycle Cost, SMillions

Cost Element Baseline Alternative
Pretreatment Capital 1886
Pretreatment QOper. 801
B Plant Standby -0
Vitrification Oper. 654
Grout 175
Repository 548
HWYP Capital 929
Miscellaneous 102
Total 3390
Year
Pretreatment Start _4a/94
Pretreatment Compl. 6/10
Vitrification Start 7/99
Vitrification Compl. 2/13

B-18
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Table 8-10. Comparison of Double-Shell Tank Pretreatment
Alternatives., (Sheet 2 of 19)

Description of Alterpative: Case B {See Appendix D}

Wash NCAW at B Plant
CC-Complexant destruction B Plant
In-tank wash PFP & NCRW

100 kg/h melter

Total Lifecycle Cost, $Millions

Cost Element Baseline Alternative A
Pretreatment Capital 186 135 (51)
Pretreatment Oper. 801 742 59
B Plant Standby 0 ] 0
Vitrification Oper. 554 857 (3}
Grout 175 130 45
Repository 548 1170 (622)
HWVP Capital 920 920 0
Miscellaneous 102 82 20
Total 3390 3830 (450)
Year
Pretreatment Start 4/94 4/94
Pretreatment Compl. 8/10 8/07
Vitrification Start 7/99 7/99
Vitrification Compl. 2/13 3/07
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Table B-10. Comparison of Double-Shell Tank Pretreatment
(Sheet 3 of 19)

Case C {See Appendix D}

Alternatives.
Description of Alternative:

SD-WM-TA-015 REV 0

STudge wash NCAW at B Plant
TRUEX remaining waste at B Plant (expanded capacity)

100 kg/h melter

Cost Element

Pretreatment Capital
Pretreatment Oper.
B Plant Standby
Vitrification Oper.
Grout
Rapository
HWVP Capital
Miscellaneous

Total

Year

Prefreatment Start
Pretreatment Compl.
Vitrification Start
Vitrification Compl.

Total Lifecycle Cost, SMillians

Baseline Altarnative A
186 219 {33)
801 663 138

Q 0 a
654 520 134
175 175 Q
548 548 0
320 920 0
102 102 0

33890 3150 240
4/94 4/94
6/10 3/06
7/99 7/99
2/13 9/a7
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Table B-10. Compariscn of Double-Shell Tank Pretreatment
(Sheet 4 of 19)

Case D (See Appandix 0)

Alternatives.
Description of Alternative:

SD-WM-TA-015 REV O

In-tank wash PFP

B Plant TRUEX remaining waste

100 kg/h melter

Cost Element

Pretreatment Capital
Pretreatment Oper,
8 Plant Standby
Vitrification Oper.
Grout
Repository
HWVYP Capital
Miscellaneous

Total

Year

Pratreatment Start
Pretreatment Compl.
Vitrification Start
Vitrification Compil.

Total Lifecycle Cost, $Millions
yAN

Baseline

186
801
0
654
175
548
920
102
335G

B-21
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216 (30}
554 247
0 0
350 304
180 (5)
525 23
920 0
102 4]
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Table B-10. Ccmparison of Double-Shell Tank Pretreatment
Altarnatives. (Sheet § of 19)

Description of Alternative: Case F (See Appendix D)
In-tank wash NCAW, NCRW & PFP

CC-Complexant destruction at B Plant

100 kg/h melter

TJotal lLifecycle Cost, $SMillions

Cast Element Bageline Alternative
Praetreatment Capital 186 134 (52)
Pretreatment Oper. 801 582 219
B Plant Standby 0 0 0
Vitrification Oper. 654 651 3
Grout 175 130 45
Repository 548 1170 {622)
HWVP Capital 320 920 0
Miscallaneous 102 a2 20
Total 3390 3670 (280)
Yaar
Pretreatment Start 4/94 4/97
Protreatment Compl. . 6/10 __4/05
Yitrification Start 7/98 7/98
Vitrification Compl. 2/13 3/10
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Table B-10. Comparison of Double-Shell Tank Pretreatment
Alternatives. (Sheet 6 of 19)

'Descriution of Alternative: Case F (Sea Appedix D)

In-tank wash NCAW, PFP & NCRW
CC-Complexant destruction in DST
100 kg/h melter

TJotal Lifecycle Cost. SMillions

Cost Element Basaline Alternative yAN
Pretreatment Capital 186 150 {36)
Pretreatment Oper. 801 213 588
B PTant Standby 0 112 (112}
Vitrification Qper. 654 651 3
Grout 178 130 45
Repository 548 1170 (622)
HWVP Capital 920 920 0
Miscellaneous 102 82 20
Tatal 3390 3430 (40)
Year
Pretreatment Start 4/94 a
Pretreatment Compl. _6/10 —
Vitrification Start 7/99 7/99
Vitrification Compl. 2/13 3/08

Other Considerations

{a) Sludge washing and C.D. performed in DSTs approximately FY95-FY

2008 time frame.

B-23




LT
o "

.

Table B-10, Comparison of Double-Shell Tank Pretreatment
(Sheet 7 of 19)

Case G (See Appedix D}

Altarnatives.
Description of Alternative:

SD-WM-TA-Q15 REV 0

In-tank wash NCAW
TRUEX remainder B Plant
100 kg/h melter

Cost Element

Pretreatment Capital
Pretreatment Oper.

B Plant Standby
Vitrification Oper.
Grout
Repository
HWVP Capital
Miscellaneous
Total

Yaar

Pretreatment Start
Pratreatment Compl.
Vitrification Start
Vitrification Compl.

Total lLifecycle Cast, SMillions

Baseline Alternative AN
186 219 (33)
301 555 236

0 0 8]
5854 354 300
175 175 0
548 546 2
920 920 )
102 102 aQ

3390 28890 510
4/94 4/97
5/10 3/03
7/99 7/99
2/13 2/05
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Table B-10. Comparison of Double-Shell Tank Pretreatment

Alternatives.

Description of Alternative:

In-tank wash NCAW

(Sheet 8 of 19)
CASE G WITH 6430.1A UPGRADES

TRUEX remainder B Plant (6430.1A Upgrades)

100 kg/h melter

Cost Element

Pretreatment Capital
Pretreatment Oper.
B Plant Standby
Vitrification Oper.
Grout
Repository
HWVP Capital
Miscellaneous

Total

Year

Pratreatment Start
Pretreatment Compl.
Vitrification Start
Vitrification Compl.

Total Lifecycle Cost, SMillions
Baseline Alternative JAN
186 379 (193)
BO1 fdl 160
0 8] Q
654 503 151
175 175 0
543 548 0
320 520 0
102 102 Q
3390 3270 120
4/94 4/00
8/10 3/06
7/99 7/99
2/13 5/07
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Table B-10. Comparison of Double-Shell Tank Pretreatment

‘Altarnatives,

Description of Altarnative: Case H

(Sheet 9 of 19)

(See Appendix D)

Wash NCAW in B Plant

TRUEX remainder in expanded HWVP

100 kg/h melter

Cost Element

Pretreatment Capital
Pretreatment GOper,
B Plant Standby
Vitrification Oper.
Grout
Repository
HWVP Capital
Miscellaneous

Total

Year

Pratreatment Start

Pretreatment CompT.
Vitrification Start

Vitrification Compl.

Total Lifecycle Cost. SMillions
Basaline Alternative A
186 270 (84)
801 593 208
0 28 (28}
554 354 300
175 175 g
548 546 2
920 920 a
102 102 0
3390 2990 400
4/94 4/94
6/10 9/03

7/99 3/00

2/13 4/05
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Table B-10. Comparison of Double-Shell Tank Pretreatment
Alternatives, (Sheet 10 of 19)

Description of Alternative: Case I (See Appendix D)
Wash NCAW in DST

TRUEX rest HWYP Expansion

100 kg/h melter

Total Lifecycle Cost, SMiilions
yA

Cost Element Baseline Alternative
Pretreatment Capital 186 246 {60)
Pretreatment Oper. 801 427 374
B Piant Standby 0 73 {(73)
Yitrification Qper. 654 354 300
Grout 175 180 (5)
Repository 548 547 |
HWVP Capital 920 920 0
Miscellaneous 102 102 0
Total 3390 2850 540
Year
Pretreatment Start 4/94 —1/00
Pretreatment Compl. 6/10 __9/03
Vitrification Start 7/99 5/00
Vitrification Compl. 2/13 6/05
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Table B-10. Comparison of Double-Shell Tank Pretreatment

Alternatives.

Wash NCAW in DST

TRUEX remainder in new stand-alone facility

100 kg/h melter

Cost Flement

Pretreatment Capital
Pretreatment Oper.
B Plant Standby
Vitrification Oper.
Grout
Repasitory
HWVP Capital
MiscelTlaneous

Total

Year

Pretreatment Start

Pretreatment Compl.
Vitrification Start

Vitrification Compl.

(Sheet 11 of 19)
Description of Alternative: Alternative Case I (See Appendix D)

Total

Lifecycle Cost, $Millions

Baseline Alternative AN
186 319 (133)
801 424 377

Q 72 (72}
654 444 210
175 175 0
548 548 0
920 920 Q
102 102 Q

3390 3000 390
4/94 1/01
6/10 3/04
7/99 7/99
2/13 4/06

B-28
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Table B-10. Comparison of Double-Shell Tank Pretreatment
(Sheet 12 of 19)

Alternatives.

Description of Alternative: Alternate Case I {See Appendix 0)

Wash NCAW in DST
TRUEX remainder at PUREX
100 kg/h melter

Cost Element

Pretreatment Capital
Pretreatment Qper.
B Piant Standby
Vitrification Oper.
Grout
Repository
HWVP Capital
Miscellaneocus

Total

Year

Pretreatment Start
Pretreatment Compl.
Vitrification Start
Vitrification Compl.

Total Lifecycle Cost, SMilligns

Baseline Alternative AN
186 222 {36)
801 543 258

0 60 {60)
654 354 300
175 175 a
548 548 ]
920 920 0
102 102 ]

3390 2930 450
4/94 4/97
6/10 3/03
1/99 7/98
2/13 8/04

B-29
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Table B-10. Comparison of Dcuble-Shell Tank Pratreatment
Alternatives. (Sheet 13 of 19)

Description of Alternative

PFP washed in-tank

TRUEX remainder in new stand-alone facility
100 kg/h melter

Total Lifecycle Cost, SMillions

Cost Element Baseline Alternative AN
Pretreatment Capital 186 319 {133)
Pretreatment Oper. 801 427 374
B Plant Standby 4] 72 {72)
Vitrification Oper. 654 444 210
Grout 1758 180 (5)
Rapository 548 525 23
HWVP Capital 320 920 0
Miscellaneous 102 102 0
Total, 3390 2990 400
Year
Pretreatment Start 4/94 2/01
Pretreatment Compl. 6/10 10/04
Vitrification Start 7/99 7/99
Vitrification Compl. 2/13 4/06
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Table B-10. Comparison of Double-Shell Tank Pretreatment

Alternatives. (Sheet 14 of 19)

SD-WM-TA-015 REV ©

Description of Alternative

PFP washed in DST

TRUEX remainder in expanded HWVP

100 kg/h melter

Cost_Element

Pretreatment Capital
Pretreatment Oper.
B Plant Standby
Vitrification QOper.
Grout
Repository
HWVP Capital
Miscellaneous

Total

Year
Pretreatment Start

Pretreatment Compl.
Vitrification Start
Vitrification Compl.

Jotal [ifecycle Cost, SMillions

Baseline Alternative JAN

186 246 (60)

801 427 374

0 73 (73}

654 354 300

75 180 5

548 525 23

920 920 0

102 102 0

3390 2830 560
4/94 1/00
6/190 10/03
7/99 3/00
2/13 4/08

B-31
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Table B-10. Comparison af Double-Shell Tank Pretreatment

Alternatives. (Sheet 15 of 19)

SD-WM-TA-QI5 REV 0

Description of Alternative

Wash PFP in tank

TRUEX remainder at PUREX

100 kg/h melter

Cost Element

Pretreatment Capital
Pretreatment Oper.
B Plant Standby
Vitrification Oper.
Grout
Repository
HWYP Capitail
Miscellaneous

Total

Year

Pretreatment Start
Pretreatment Compl.
Vitrification Start
Vitrification Compl.

Total LiFecﬁc?e Cost, SMillions

Basaline Alternative
186 220 (34)
801 546 258
8] 43 {48}
654 3585 299
75 180 {5)
548 525 23
920 920 a
102 102 0
3390 2900 490
4/94 6/97
6/10 4/03
7/99 7/99
2/13 8/04
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Table 8-10. Comparison of Jouble-Shell Tank Pretreatment

Alternatives. (Sheet 1§ of 19)

SD-WM-TA-015 REV 0

Description of Alternative

B Plant all waste
TRUEX all waste
100 kg/h Equiv.

Cost Element

Pretreatment Capital
Pretreatment Qper.
B Plant Standby
Vitrification Oper.
Grout
Repository
HWVP Capital
Miscellaneous

Total

Year

Pretreatment Start
Pretreatment Compl.
Vitrification Start
Vitrification Compl.

Total Lifecycle Cost, $SMillions
Baseline Alternative A
186 216 {30}
801 800 201
0 0 0
654 310 344
175 185 {10)
548 420 128
920 920 )
0 102 2
3390 2750 540
4/94 4/97
5/10 7/04
7/99 7/01
2/13 11/04

B-33

s



Table B-10. Comparison of Ocuble-Shell Tank Pretreatment

Alternatives, (Sheet 17 of 19)

SD-WM-TA-015 REV 0

Description_of Alternative

New stand-alone all waste

TRUEX all waste
100 kg/h melter

Cost Element

Pretreatment Capital
Pratreatment Oper.
B Plant Standby
Vitrification Oper.
Grout
Repository
HWYP Capital
Miscellaneous

Total

Year

Pretreatment Start
Pretreatment Compl.
Vitrification Start
Vitrification Compl.

Total lifecycle Cost. SMillions
Baseline Alternative A
186 324 (138)
201 457 344
0 g6 (96}
654 305 349
175 185 (10}
548 420 128
920 329 0
102 102 0
3390 2810 580
4/94 1/99
6/10 8/03
7/99 2/01
2/13 4/0%
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Table B-10. Comparison of Double-Shell Tank Pretreatment
Alternatives. (Sheet 18 of 18)

Description of Alternative
Expanded HWVP all waste
TRUEX all waste

100 kg/h melter

Total Lifecycle Cost. SMillions

Cost Element Baseline Alternative JAN
Pretreatment Capital 186 251 {65)
Pretreatment Oper. 801 449 352
B Plant Standby 0 104 {104}
Vitrification Oper. §54 305 349
Grout 175 185 (10)
Repository 548 420 128
HWVP Capital 920 920 0
Miscellaneous 102 102 0

Total 3390 2740 650
Yaar
Pretreatment Start 4/94 1/00
Pretreatment Compl. 6/10 g8/04
Vitrification Start 7/99 __2/02
Vitrification Compl. 2/13 __4/06

B-35
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Table B-10. Comparison of Ocuble-Shell Tank Pretreatment

Alternatives.

Description of Alternative

PUREX all waste
TRUEX all waste
100 kg/h melter

Cost Element

Pretreatment Capital
Pretreatment Oper.
8 Plant Standby
Vitrification Oper.
Grout
Repository
HWVP Capital
Miscellaneous

Total

Year

Pretreatment Start
Pretreatment Compl.
Vitrification Start
Vitrification Campl.

(Sheet 19 of 19)

Total Lifecycle Cost, SMillions
Baselina Alternative AN
186 220 (34)
801 585 216
g 56 {656)
654 310 344
175 185 [10)
548 420 128
920 920 0
102 102 0
3390 2800 590
4/94 4/97
6/10 7/04
7/99 7/01
2/13 11/04
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APPENDIX C

DISCOUNT RATE ANALYSIS

Although a constant dollar analysis does not account for the value of
borrowing or investing money, it is an appropriate method for making the
comparisons presented in this study. This conclusion is illustrated by
applying a discount rate analysis to selected pretreatment options. The
discount rate accounts for the cost of borrowing money for federal projects
as wall as the cost of opportunities of other investments. Recommended
discount rates by the Federal Government are 10% (U.S. Oepartment of Commerce
1987). Accounting for 7% escalation, which is appropriate when applying a
discount rate analysis using constant 1988 doliars, resulis in a differential
rate of up to 3%. Table C-1 shows the total net present value of each option
at various differential rates. The 3% differential rate represents the most
realistic case, whereas the 10% differential rate is intended to simply
provide a sensitivity comparison. Even though the conclusions provided in
this document are based on a constant dollar analysis, it is evident that
application of the discount rate analysis will not affect them. For
instance, the constant dollar analysis indicates the least costly option for
disposal in a high-level waste repository is to wash NCAW in a DST and apply
the TRUEX process to the remaining waste. The sama conclusion is reached by
applying a 3% differential rate. Even if the Waste I[solation Pilot Plant
(WIPP) becomes available, the net present value is equivalent to the in-tank
sludge washing casa. Even applying an unrealistic differential rate of 10%
does not provide a significant incantive to prefer in tarnk washing of all
sludge to the TRUEX process option with HLW repository dispasal. Since thesa
iliustrated cases represent the extremes in differences in capital
investments and do not change the overall conclusions, it is concluded that
the constant dollar analysis is appropriate for comparing costs of the
various pretreatment options.

.
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Comparisan of Selected Pretreatment Options at

Various Differentials Between the Discount Rate

and Escalation ($ Millien).

Differential

Current baseline-
wash NCAW 8 Plant

Wash NCAW in DST; TRUEX
remainderin B Plant2

Sludge wash all waste in DST
compl. detr. on CCin DSTa

rata TRUEX remainder
8 Plant 45 ka/h HLW repos. WIPP dis- HLW repos- WIPP dis-
meiter itory disposal posaic itory disposal posalc
0%%b 3,400 2,900 2,750 3,400 2,800
{constant
doitar)
3% 2,200 2,000 1,900 2,200 1,850
10% 1,150 1,100 1,050 . 1,050 950
PSTAB.1209-C)

aassumes use of 100 kg/h melter at HWVP,

SHWWVP costs are escalated to midpoint of construction. ‘
¢Assumes giass made from NCRW and PFP waste can be disposed of at the Waste Isolation

Pilot Plant (WIPP). See Section 6.0 for additional details on WIPP dispasai options.

C.1 REFERENCES

U.5. Department of Commerce, 1987, Life Cycle Costs Manual for the Federal Energy
Management Program, NBS Handbook 135, Washington, D.C.
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APPENDIX D

DECISION ANALYSIS

A decision analysis procedure was used to arrive at the preferred double-
shell tank (DST) waste pretreatment plan. A logic tree (Figure D-1})
graphically depicts on a time scale, the technical and programmatic decisions
necessary to arrive at a viable DST pretreatment system. The alternate
paths through the logic tree result in process and facility options described
in this report. A narrative description for each decision point is provided.
Technology development requirements necessary for each decision point are
identified in the description. The decision analysis options support a 1999
Hanford Waste Vitrification Plant (HWVP) startup. A bold line indicates the
"preferred option” chosen for Tow cost and minimal technological.
uncertainties. The issues or decision points must be resolved to confirm
the preferred option.

The following narrative descriptions correspond to the numbered deci-
sion points in the logic tree (Figure D-1). The alternate paths through the

Jogic tree result in nine process and facility options (Case A through I).

1. Can a throughput capacity of 100 kg glass per hour for the HWVP
melter be utilized for DST wastes, and can pretreatment facility
feed throughput rates be adjusted to match these rates to the
maximum_extent possible?

The increase in throughput capacity for both pretreatment and
vitrification has been shown to be cost effective. Instailation
of appropriate B Plant equipment to achieve the maximum possible
throughput and utilization of the 100 kg/h melter (Case C) results
in a minimum $250 million savings over the baseline pretreatment
Case A (i.e., smaller sized B Plant equipment and use of a 45 kg/h
melter}. The maximum achievable throughput capacity in B Plant
must be determined. The recommendation to increase B Plant

D-3
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pretreatment capacity to the maximum extent possible and to install

the 100 kg/h glass melter in HWVP at startup is made in this report.

Following are required Fiscal Year (FY) 1989 tasks to support this
recommendation:

a. Define required modifications to maximize the B Plant
dissolution/transuranic extraction {TRUEX) capacity.

b. Adjust HWVP baseline plans to reflect vitrification with
100 kg/h melter.

Can an alternate facility to B Plant be used for the TRUEX process?

The costs for treatment of DST wastes using alternate facilities
(expanded HWVP, new stand-alone, or PUREX) are approximately the
same or slightly higher than for the B Plant facility. The use of
an expanded HWVP is approximately the same cost as B Plant.
However, this requires a committment by March 1989 (i.e., prior to

commencing definitive design). The expanded HWVP would require an
increase in the HWVP project cost and delay of the vitrification

schedule by at least 6 mo. The cost for use of the PUREX facility
is approximately $50 million more than for the B Plant facility.

The availability of the PUREX facility is contingent upon changing
the N Reactor cold standby status to shutdown status. The use of

=a new stand-alone facility increases total program costs by $100

million over B Plant costs and delays completion of the
vitrification program by 2 yr since the new stand-alone facility
could not be on-Tine before FY 2001. Thus the decision to not
utitize an alternate TRUEX facility is Jjustified by the absence of
any cost savings and inadequate technical justification for a
major programmatic change. :

Technology development required: None

D-7
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[s additional removal of radionuclides in grout feed to 10 CFR 61
Class A levels desirable?

Based on input from outside agencies [Nuclear Regulatory Commission
(NRC), Environmental Protection Agency (EPA), and Washington State]
and future comprehensive performance assessments, it may be
desirable to reduce the concentrations of radionuclides in Tow-
lavel waste (LLW) grouts to significantiy lower Tevels than those
defined by the current grout criteria. Radionuclide concentrations
currently meet Class C levels (10 CFR 61); however, preparation

of LLW grouts with radionuclide contents comparable to Class A
Tevels or to the same levels as Savannah River Plant (SRP) grouts
may be deemed desirable. The primary radionuclides of concern and
considered as candidates for additional radionuclide removal are
3¢gy, 137Cs, and the transuranic (TRU) components. Major
pretreatment process changes will be required to reduce radionuclide
contents of waste supernatants by the approximate factors of 10 to
1,000 needed. The "yes" route to this decision is denatad in the
figure as a dashed 1ine since elucidation of further decision
poeints and the resuiting cases and associated costs need to be
determined. However, pretresatment processes that utilize sludge
washing and/or sludge dissolution and the TRUEX process are
envisioned.

If the TRUEX process is utilized, the radionuclide decontamination
required would be greater than if only sludge washing is used
since acid dissolution of the sludge releases additional ?9Sr and
'37Cs into the acid TRUEX feed. The TRUEX process does not remave
137Cs and %9Sr values. If the sludge wastes are treated using
only sludge washing, 137Cs and %%Sr could be removed from alkaline
supernatants in a DST using technology that is presently being
developed at SRP. The 137Cs is precipitated using sodium
tetraphenylborate, and °9Sr and TRU are precipitated by addition
of sodium titanate. [f the TRUEX procass is used, however, removal
137Cs and 99Sr in acidic solution would be required. Technology
for yremoval of !37Cs and 99Sr in acidic solutions to the required

D-8
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levels has not been demonstrated although several candidate methods.

appear feasible. The ability to develop this technology to support
a FY 1999 HWVP startup is presently unsure. Studies of alternate
pretreatment processes to reduce the radionuclide content in both
alkaline and acidic supernatant solutions is required on an
immediate basis to ascertain the feasibility of producing a Class A
grout. The following development activities are required in B
anticipation of resolving the issue which is expected by the end
of FY 1989.

a. Perform laboratory and hot-cell tests to evaluate SRP !37(s
and ?%Sr removal processes on DST alkaline waste supernatants.

b. Evaluate !37Cs ion exchange flowsheet and equipment sizing to
equal SRP !37Cs removal efficiency.

c. Evaluate methods for reducing 39Sr and 137Cs Tevels in acidic
TRUEX process solutions.

Can neutralized current acid waste (NCAW) be washed ip a3 DST?

Washing NCAW sludge in a double-shell tank or AR Yault may be a
viable option as the result of the decision to pTace the N Reactor
in cold standby. Originally the pretreatment system had to provide
the capability of processing current discharged fuel waste.
Irradiation of N Reactor fuel was complete in 1986 and all Fast
Flux Test Facility (FFTF) mixed-oxide fuel will complete
irradiation in 1991. Pretreatment processing of NCAW is all on
aged waste and previous heat transfer limitations are less
restrictive to the extent that a small 5,000-gal-batch size may no
longer be required. With a "yes" decision, in-tank washing of
NCAW eliminates 4.5 yr of B Plant processing time and allows full
support of a 100 kg/h HWVP melter. This alternate NCAW sludge-
washing system potentially results in an additional $250 million
cost savings over the $250 million cost savings from TRUEX

D-9
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capacity increase only, (Case G vs Case C). Input data required
for the decision includes heat transfer analysis, safety analysis
and impact on tank farm operations.

The following development activities are required to support this
decision by the Tatter part of FY 1990.

a. Prepare technical analysis of washing NCAW in a DST.
b.  Develop NCAW in-tank wash technology as required.
¢. Prepare B Plant plan for NCAW in-tank washing, accelerated

TRUEX process implementation, and preparation of Waste Form
Qualification (WFQ) samples.

Is TRUEX applicable_to NCAW?

Application of the TRUEX process to NCAW is an alternate to washing
NCAW in a DST, and also provides a potential $300 million cost

savings over the enhanced baseline case by eliminating 4.5 yr from
the B Plant and HWVP operating schedule (compare Case D vs Case C).

The decision requires TRUEX processing of NCAW in Tieu of Plutonium
Finishing Plant (PFP) sludge. The TRUEX processing of NCAW requires
95 to 99% strontium removal to meet grout Class C LLW limits.
Extensive development work is required in the next 2 yr to assure
flowsheet performance (strontium removal) and commit to a 1994 line
item that supports the 1999 HWVP startup.

Following are required development activities to support this
decision by the end of FY 1990. The extent of the work requires
that the development activities be performed in FY 1989 and

FY 1990.

a. Obtain samples and determine dissolution behavior of the waste
sludges in H,0, HNO;, and HNO, -HF.

0-10
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Determine TRUEX solvent distribution coefficients for the TRU
elements in synthetic wastes and in dissolver samples from

(a).

Perform hot-cell tests on strontium removal with antimonic
acid (Sb,0,-4H,0) in dissolver solutions, and rare-earth
sulfate precipitation in TRUEX raffinate. '

6. Is the TRUEX process appliicable to PFP, complexant concentrate

{CC). and neutralized cladding removal waste (NCRW}?

The application of the TRUEX process to PFP, CC, and NCRW

with in-tank washing of NCAW {(Case G) saves $500 miliion over
the baseline Case A by eliminating 4.5 yr of B Plant processing
time and allowing continuous operation of the 100 kg/h melter.
Assuming favorable decisions to the preceding issues, this is
the preferred process route for pretreatment of Hanford DST
waste, This route is indicated by the heavy 1ine in the Togic

diagram. The required development work is the same as for
Task (a) and (b) for Issue 5. The TRUEX process is implemented

in 1997 (1994 line item). The decision on the application of
the TRUEX process to CC, PFP and NCRW should be made by
FY 1991.

Application of the TRUEX process to PFP, CC, and NCRW with
NCAW sludge washing in B Plant is the "enhanced" baseline case
{Case C) with a total cost of approximately $3.15 billion.
For this case some discontinuity of HWVP operations
(approximately 2 yr) results from inability of B Plant to
provide continuous feed near the latter part of the
pretreatment campaign. Additional costs are incurred by the
lengthy campaign (4.5 yr) required to wash NCAW sludge in

B Plant and forces a mid-FY-2000 impiementation of the TRUEX
process (1997 line item). The decision on the application of
the TRUEX process to CC, PFP, and NCRW should be made by

FY 1994,

D-11
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" If the TRUEX process cannot be applied to PFP, CC, and NCRW {
wastes, sludge washing of PFP and NCRW would be required in a
DST, and NCAW would be washed in B Plant. Without the TRUEX
process, preparation of LLW grout from CC would require removal
of TRU components by destroying the complexants. The estimated
cost for this route {Case B) is approximately $3.8 billion.
The required development work is the same as Tasks (a) and
{b}, Issue 5.

Can complexant destruction (CD)} be done in a DST?

[f the TRUEX process cannot be applied to OST waste the TRU content
in CC must be reduced to <100 nCi/g using a CD process. Performing
CD in a DST rather than B Ptant would enable all waste pretreatment
operations to be performed in 0STs with the exception of removing
cesium from NCAW supernatant. Operation of B Plant for just cesium
removal could be relatively expensive. An addition to the HWVP to
enable removal of cesium from NCAW supernatant (and other waste
supernatants if necessary) could be provided for approximately

$50 miTTion. This option (Case F), which would utilize DST
facilities and HWVP for waste pretreatment, would have the same

total cost as the baseline Case A option of $3.4 billion. In-tank
destruction of complexants must be evaluated and demonstrated to
support this decision. If in-tank CD cannot be perfarmed, B Plant
would be used for CD and also likely for cesium removal (Case E)
at a cost of approximately $3.7 billion.

The following development activities are reguired to support this
decision by FY 1993.

a. Perform development and engineering work necessary to define
destruction of organic complexants in-situ in a DST.
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b. Evaluate capability for add-on of 137Cs decontamination process
to HWVP to incorporate capabilities for removing '37Cs from
stored NCAW supernatant.

Is the B Plant facility acceptable for DST waste pretreatment?

Evolving changes to applicable orders and regulations create
potential impacts on requirements for upgrading and operating
processing facilities. Ongoing upgrades at B Plant will provide
compliance with existing regulations for the NCAW pretreatment
mission. In particular, new standards and regulations for
management and control of hazardous wastes and liquid effluents
will be implemented. The upgrades presently being implementad in
B Plant will provide conformance with existing state and federal
laws. The need for B Plant fo comply with emerging requirements
(e.g., DOE Order 6§430.1A) is uncertain. Imposing DOE Order 6430.1A
compliance as a B Plant upgrade will delay completion of the
vitrification program and may not be cost effective. Operation of

a pretreatment mission for single-shell tank (SST) waste without
DOE Order 6430.1A compliance is deemed to be unlikely. Thus,

construction of a new stand-alone facility would likely be required
for processing large volumes of SST wastes. A "no" decision on
utilizing B Plant for OST wastas could require DST waste
pretreatment to be limited to in-tank sTudge washing (Case F) to
support a FY 1999 startup of HWVP. If the decision is made after
FY 1993 that B Plant is not an acceptable facility for waste
pretreatment, the program costs for Case F will be greater than
the $3.4 biliion indicated.

The tasks Tisted for Issue 7 are required to maintain a backup

in-tank sludge-washing option to utilization of B Plant for DST
pretreatment operations.

D-13
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The following additional task is also required to support this
decision:

a. Continue evaluation of B Plant compliance to emerging
regulatory requirements.

D-14
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APPENDIX E
FACILITY DESCRIPTIONS AND COST ESTIMATIONS--

EXPANDED HANFORD WASTE VITRIFICATION PLANT
AND NEW STAND-ALONE FACILITY

E-1

ke



SD-WM-TA-015.REV 0

This page intentionally Teft blank.

E-2

ik



SD-WM-TA-015-REV 0

APPENDIX E

FACILITY DESCRIPTIONS AND COST ESTIMATIONS--
EXPANDED HANFORD WASTE VITRIFICATION PLANT
AND NEW STAND-ALONE FACILITY

This appendix describes the alternatives for: (1) Pretreatment of waste
in an expanded Hanford Waste Vitrification Plant (HWVP), (2} Pretreatment of
waste in a new stand-alone facility.

Facility descriptions and proposed layouts are provided. Preliminary
facility cost estimates [Fiscal Year (FY) 1988 dollars] were performed by
Kaiser Engineering Hanford Company and are also provided in this appendix.

E.1.0 PRETREATHENT IN HANFORD WASTE
VITRIFICATION PLANT

The pretreatment process is depicted as a flow diagram in Figure E-1.
Locating this equipment in a canyon facility with a nominal 20 ft cell width
requires about 375 lineal feet of process cell. An addition of this
magnitude affects structural features; heating, ventilation and air
conditioning (HVAC), utilities, etc. The design impacts of this expansion

are discussed below.
E.1.1 HANFORD WASTE VITRIFICATION PLANT CONFIGURATION

The baseline design for HWVP is defined in the reference Conceptual
Design Report (WHC-EP-004), dated July 1987. A plan and section of the

vitrification building are shown in Figures E-2 and E-3. A manipulator
maintenance building, Tocated on the north end of the vitrification

E-3
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building, can be relocated such that the vitrification building can be
extended to the north without interference. Existing cel]l features and
equipment arrangements are unchanged for the original HWVP missjon., The
canyon and operating galleries are extended northward about 200 ft through
the use of two parallel cells as shown in Figures E-4 and E-5. Extra space
for equipment Taydown and repair is provided such that the existing laydown
area and remote equipment decon cell (REDC) can be expanded to support the
pretreatment equipment.

E.1.2 HEATING, VENTILATION, AND AIR
CONDITIONING IMPACTS

The cell ventilation requirement is typically four-to-five air changes
per hour for a PUREX-type canyon facility. Five air changes per hour was
assumed based on previous Hanford experience.

The additional c¢el1]l Tength imposes an extra 30,000 ft3/min of Zone 1
air on the sand filter and the fan house. The existing system is
107,000 ft3/min. Expansion of the existing system was selected rather than
adding a second system because the increase is relatively small (27%).

The two major items affected by the 27% air flow volume increase are

listed in Table E-1 with the current HWVP estimated costs.

Table E-1. Impact of Air-Flow Volume Increase--
Cost Estimates (Millions of Dollars).

Hanford Waste

Work sz Direct Vitrification
package Description cost Plant
gstimated
Cl2 Sand filter and air tunnel $7.5 $12.8
13 Fan house and stack 8.4 $14.6

3Includes escalation and contingency.

E-9
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The HVAC Zone 2 and Zone 3 systems would also see a corresponding

increase in load of about 30%.

E.1.3 PROCESS STEAM AND COOLING WATER

The total evaporation in the pretreatment equipment will not exceed
20 gal/min in the dissolvers and transuranic¢ (TRU) concentrator. This
equates to 10,000 ib/h (10 M Btu/h} of process steam at maximum process

An equivalent process cooling water load is assumed to serve the

condensers.

The existing HWVP systems are shown in Table E-2.

Table E-2. Impact of Pretreatment at Hanford Waste V1tr1f1cat1on
Plant--Percent of Load Capacity Increase
to Present Systems.

Description z:::ﬁ?ty Added Toad ?ﬁ;iggge
Process steam 25,000 1b/h 10,000 1b/h 40%
{closed loop)

Process cooling water 20.8 M Btu/h 10 M Btu/h 50%

{closed loop)

These changes will impact present sizing for the closed-loop heat

E.1.4 ELECTRICAL SYSTEMS

Fan motors for the Zone 1 HVAC would be increased from 600 horsepower
to 900 horsepower to accommodate the 27% increase. Adequate electrical

E-10
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power exists for the changes to fans for Zones 1, 2, and 3. Process
equipment motors are a minor impact. The overall electrical system cost
increase should be 3 to 5% or about 1.5 million.

E.1.5 PROCESS SAMPLING

The equipment items shown on the pretreatment flow diagram (Figure E-1),
will require about 40 sample points. The sample stations will be housed in
concrete shielded caves equipped with viewing windows and manipulators.

Seven samplers can be Tocated in front of one window/ manipulator station.
Two caves will serve the pretreatment equipment. Eight shielded windows and
eight sets of Model F manipulators will be required. Both caves will be
equipped with an overhead hoist serving the cave internals and a transfer
drawer for passing samples out of the cave. Additional laboratory space will
be provided in operating gallery mezzanines located on both sides of the

canyon,

E.1.6 CANYON CRANE

The canyon cells can be extended in parallel such that the canyon crane
coverage will include the pretreatment additions. The existing c¢rane will
adequately serve both the pretreatment and HWVP cell equipment with an
extension for the rails and power/control supply.

The canyon crane has no routine operational function and is used solely
for jumper and equipment changeocut. One crane can be expected to cover the
pretreatment equipment in addition to the original HWVP maintemance
functions.

E-11
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E.1.7 OTHER HANFORD WASTE VITRIFICATION
PLANT IMPACTS

The vitrification building extension entails utility tie-ins for sanitary
water and raw water. The office space impact is described in Section E.2.8.

E.1.8 COST AND SCHEDULE IMPACTS FOR HANFORD WASTE
VITRIFICATION PLANT EXPANSION

AWVP project costs are shown in Table E-3 by years.

Table E-3. Hanford Waste Vitrification Plant Expansion Cost
Projections--Fiscal Year 1988 through 1993
(Miilions of Dollars).

. ; Kaiser Engineering
Fiscal Fluor Westinghouse Hanford Hanford

year engineering support management support

Preliminary design

1988 4.5 2.8 0.2

1989 16.9 4.7 0.9
Detailed design

1990 18.0 7.2 1.0

1991 30.5 10.3 3.8

1992 36.8 11.0 3.5

1993 20.1 9.5 5.1

The preliminary phase of design consists largely of project engineering
baseline development, including process flow diagrams and facility
configuration control drawings. If a change request was implemented prior
to FY 1990, the cost of abandoned design would not exceed 25% of the design
cost to that date. The change request could be implemented for under
$5 million and the preliminary design for the vitrification portion of the
dual purpose facility could be completed within six months of the original

E-12
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schedule. Start of construction would also be delayed unless work-around
procedures could be developed. The architect/engineer (A/E) could plan the
design work to minimize impacts, with quidance as to when the decision would
be impiemented. A parallel study conducted by Fluor Engineering in FY 1989
could serve to assess the cost and schedule impacts of the new work scope
and saerve as the basis for an implementation change. The cost of this kind
of assessment would be $75 to $200 K.

The primary conclusion is that funding a change of this magnitude cannot
be made efficiently after the start of detailed design in FY 1990. In reality
a preliminary decision to fund a Fluor assessment of the change needs to be
made in FY 1988 with a final commitment in FY 1989.

Assuming a timely decision as discussed above, the cost impacts would
be as follows:

1. Rework preliminary HWVP design to implement change -5 M
2. Added Westinghouse Hanfard support to cover new scope 2 M
(5 ta staff)
3. Total project cost with escalation and contingency 215 M
4. Added escalation assuming 6 mo delay <20 M
5. Westinghouse Hanford process development 25 M
6. Westinghouse Hanford Preliminary Safety Analysis Report/
Environmental Impact Statement changes 1N
268 M

E.2.0 PRETREATMENT IN A NEW STAND-ALONE FACILITY

The new pretreatment facility is a remote canyon facility with paraiiel
cells spanned by a single crane. The cell layout contains the equipment
shown on the Pretreatment Flow Diagram (Figure E-1).
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E.2.1 GENERAL LAYOUT

The cells, galleries and rooms are conservatively sized and could
probably be reduced with additional detail from a later stage of design. The
cells are 20 ft wide, and the galleries are 25 ft wide. As shown on the plans
and sections, space is reserved for all the necessary supporting features of
a stand-alone facility (see Figure E-6).

E.2.2 SITE LOCATION

The new pretreatment facility will be located in the vicinity of HWVP
and B Plant. Space exists east of the HWVP site which is near a rail spur.

E.2.3 HEATING, VENTILATION AND AIR CONDITIONING

The Zone 1 ventilation requirement is typically four-to-five cell air
changes per hour for a PUREX-iype canyon facility. This amounts to a flow
rate of about 25,000 ft3/min which approximates the Process Facility
Modifications Project (PFM) system. Upflow remote high-efficiency
particulate air (HEPA) filters similar to the PFM design were assumed rather
than a sand filter. The remote HEPA filter room has a size and layout
comparable to that used in PFM to accomplish the first two stages of
filtration.

An additional room is designated for the third stage of Zone 1
filtration (43 ft x 63 ft). Exhaust HVAC areas for Zones 2 and 3 and supply
for all zones will be housed in two rooms each 61 ft x 60 ft.

E.2.4 MAINTENANCE AND REPAIR

Ingress/egress for new or failed cell equipment is based on rail or
truck receipt and an interface with the canyon crane through coverblocks.
The rail receipt area is sized to handle the new multipurpose transfer box

E-14
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mounted on a flatcar. The ingress/egress routes from the rail and truck
area to the cell will support transporting equipment up to 30 ft high in a
vertical orientation. With the exception of one concentrator, which is

25 ft high, the remaining cell equipment is about 15 ft high.

Failed equipment or jumpers can be remotely decontaminated, cut up or
repaired in the failed equipment cut-up area. This cell is equipped with
viewing windows and manipulators and is accessible for manned entry to
support remote decontamination and contact repair in a 26 ft x 33 ft cell.

A Zone 2 hot shop (118 ft x 16 ft) is also provided in the same vicinity.
The Tower floor gallery will house cold maintenance and storage functions in
a Zone 4 area.

Crane maintenance is accomplished at one end of the canyon. A parapet
wall and isolation door are used to isolate the crane maintenance area from
the canyon for decontamination and repair. Liners and drains will be used
to facilitate decontamination, and thereby, keep the crane maintenance area
within ALARA guidelines for personnel exposure.

E.2.5 ANALYTICAL SUPPORT

Three sample caves are shown on the -15 ft level (second floor). These
caves are equipped with remote viewing windows, manipulators, a small
internal hoist and a transfer drawer to remove samples. Room exists in the
sample gallery for some analytical support equipment and storage. In
addition, a laboratory room 61 ft x 60 ft is located just off the sampie
gallery on the second floor (Figure E-6).

E.2.6 CHEMICAL MAKEUP
The entire fourth floor gallery (25 ft x 90 ft} is reserved for agueous

makeup (AMU) and dry chemical storage. A ceiling height of 15 ft was used
to allow removal of agitators from the makeup tanks.
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An exterior bulk chemical storage area is also required for AMU supplies
of nitric acid, sodium hydroxide and hydrogen peroxide. The tanks Tisted
below would be housed in a Tined concrete pit capable of containing the
entire contents of a single tank in the event of a leak.

HNO, 2 at 20,000 gal each
NAQH 2 at 15,000 gal each
H, 0, 6 at 206,000 gal each

E.2.7 PROCESS PIPING

Sparing patterns in the hot pipe trench will be provided to maximize
the flexibility for future process needs. The hot pipe trench is located
between the two parallel cells. The piping will be above the top of the
vessels to preclude misroutings from overfiows, etc. The closed Taagp gallery
is Tocatad immediately below the hot pipe trench. It will house piping
valves and controls to connect the cell with the primary and secondary heat
exchangers for process heating (steam) and cooling (water). Manned entry to

the closed loop room can be made through air Tocks on either end of the
corridor. The primary loop routings in the clesed laoop corridor and the

heat exchange room are not occupied during plant operations to preclude the
threat of personal exposure from a failed coil.

E.2.8 PERSONNEL SUPPORT FEATURES

Six offices, a Tunchroom and change rooms are attached to one end of
the hardened structure. The Zone 4 controi room is located within the
hardened portion of the building. Special security features are not required
for this facility. Access control is maintained through the use of Tocked
doors,

Additional office space for 200 people is included to suppert the staff
related to the pretreatment facilities. The construction envisioned is
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similar to 2751E, 2752E and 2753F office buildings constructed via
projects B-509, -457, and -485. The cost in 1986 dollars for a 30,000 ft?
facility is about $1.5 million (~$55/Ft?).

E.2.9 TRAFFIC PATTERNS

Personnel traffic throughout the building is accomplished by the
following means:

e Access to the grade floor instrument/service gallery is mainly
through (a) the corridor adjacent to stairwell 4; (b) the control
room, which is not a major traffic path; or (c) the elevator on
the opposite end of the building. Stairwell 2 is used as an
emergency escape route.

® Access to the -15 ft, 0 in. level service/sample gallery is mainiy
through the men’s or women’s change room and stairwells 3 and 4.
Stairwells 1, 2, and 5 are used as emergency escape routes.

¢ Access to the -37 ft, 0 in. level storage/maintenance gallery
(Reference ES-800-02} is mainly through stairwell 5 from grade
Tevel. The entry from stairwell 5 to the -15 ft level sample
gallery is for emergency use only. The sample gallery will require
protective clothing, whereas stairwell 5 does not. Access is aliso
through the elevator and stairwell 1.

e Access to the hot shop area side of the cells on the -37 ft, 0 in.
level is mainly through the men’s or women’s change room and
stairwells 3 and 4. The elevator area is another entrance into
the buiiding through the storage/maintenance area then through an
airtock. This access is a controlled access. Stairwell 2 can be
used as an escape route.

E-17
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o Access to crane maintenance is limited to a traffic route through
the men’s or women’s change room and stairwells 3 and 4.

E.3.0 COST ESTIMATING

Cost estimates were prepared by Kaiser Engineering Hanford Company and
reviewed by Westinghouse Hanford. The tachnique used is a parametric
computer model called the Freiman Analysis of Systems Technique (FAST).
This method of estimating is used by the U.S. Department of Energy (DOE) in
the assessment of projects being considered for validation.

The model is calibrated by comparisen to similar facilities. The
following projects were used as a basis for comparison:

¢ Process Facility Modifications Project
e New Waste Calciner Facility (NWCF)
o Hanford Waste Vitrification Plant
e Hanford Waste Vitrification Plant Vitrification Wing.
The FAST factors and costs are summarized for the above facilities and

the two proposed alternatives in Table E-4. The size of the stand-aione
facility is similar to PFM {see Table E-5} although somewhat Tess complex.




Table E-4.
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Cost Factor Summaries--Facility Option
Comparisons (FASTc Cost Factors).

Vitrifi- Stand-alone
FASTc VP cation Expanded pratreat- oEH INEL?
factors Building HWVP ment NWCF
Platform 1.35 1.585 1.45 1.45 1.50 1.43
Structure 14,560 13.643 13- 643 19.623 19.623 17.235
{387.5 M) ($58.7 M) (%$22.0) ($37.0) {346.2) . (526.4)
HVAC 3.270 2.951 4.67 4,67 7.473 3.236
($21.5 M) (S11.7 M)  ($7.0 M) ($9.1 M) ($16.4 M)  (S4.8 M)
Electrical/ 44,756 47.874- 28.957 28.957 33.389 28.957
mechanical ($233.2 M)  ($S140.9 M) ($36.0 M)}  (547.5 M) ($62.1 M) ($34.8 M)
Utility . 147 10.741 10.741 99.426 64.015
cost ($3.6 M) --- ($3.6 M) ($3.6 M) (59.9 M) (S3.7 M)
" Miscellaneous  ($25.4 M) -~ 50.123 M $2.5 M $5.1 M  S6.5 M
Direct cost $371.2 M $211.3 M $68.8 M $99.8 M S$139.7 M §76.2 M
BLOMX 1 61.457 46.525 50.133 56.36 57.18 42.686
Unit cost/ft? £833.0 $1,132.0 58¢%4.0 €951.0 $1,16%.0 $801.0
(ft? of area) (415,000) (185,000) (79,000) {100,000) (115,0060) (87,000)
Engineering $114.0 M .- $20.6 M $§29.8 M $67.4 M $12.2 M
cost (30%) (30%) (30%) (50%)
Project $61.1 M --- SI1.O M $20.0 M $10.6 M S1.e M
management (16%) (16%) (20%) (4%)
Construction $21.8 M we- $6.2 M 9.0 M $11.3 -a-
management
Subtotal §568.1 M 211.3 M S5106.6 M €158.6 M $299.0 M $90.0 M
Escalation $190.4 M --- $52.4 M §$77.6 $§15.2 M ---
Contingency $161.4 M “-- $55.8 M $83.8 M $10.8 M ---
Total project $920.0 M $211.3 M $215.0 M $§320.0 M $255.0 M $90.0 M
cost
Without - --- $i62.0 M $242.0 M --- ---
escalation

3]daho National Engineering Laboratory (INEL}.
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Table E-5. Process Facility Maintenance Project
and Stand-Alone Pretreatment Faciiity
Comparisons by Size.

Lineal Foot S Total Total
feet print ﬁ;?rﬁie 33;%3;29 concrete square
of cell at grade (fg) (F£3) volume feet
(ft) (ft?) (yd®) (F£2)
Process facility maintenance project
325 80,000 75 6,.0M 31,000 115,000
Stand-alone pretreatment
375 §0,000 90 5.4 M 33,000 100,000
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APPENDIX F

COST ESTIMATE FOR IMPLEMENTING THE TRANSURANIC
EXTRACTION PROCESS AT B PLANT
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APPENDIX F

COST ESTIMATE FOR IMPLEMENTING THE TRANSURANIC
EXTRACTION PROCESS AT B PLANT

This appendix provides the basis for estimating the costs for
implementing the TRUEX process in B Plant. The estimate is based on
a1lotting five cells for TRUEX process equipment and four celis for
dissolution equipment. Figure F-1 shows the proposed cell modifications
required to support a 45 kg/h 'Hanford Waste Vitrification Plant melter. The
TRUEX procaess eguipment to be contained in five process cells includes the
following: '

L ]
(8]

centrifugal contactors
¢ 1 concentrator stripping tower

* 1 condensor

s 2 TRY receiving tanks

s 1 condensate recaiving tank

e 2 solvent wash solution and so]veng storage tanks
e ] ion exchange column

¢ 1 ion exchange regensration wasta tank

e 2 strip receiver and sump collection tanks

# 4 pump tanks

s 1 fead makeup tank

F-3
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o 1 extraction waste receiver tank
¢ Numerous minor equipment jtems, jumpers, and valves.,

The four cells devoted to sludge dissolution and complexant destruction
will include the following equipment:

e 2 NOx bottle cap columns -

o 1 acid collection tank

e 3 sludge dissoTver.tanks with agitators and filters
e 3 reflux condensors

o 3 dissolver transfer pumps

o 3 precoat tanks and mixer pumps

e 3 solids collection tanks

I”
Numercous minor equipment items, jumpers, and valves.

The cost breakdown for modifying B-Plant to include dissclution and the
TRUEX process in support of the 45 kg/h melter is given in Table F-1. The
total cost is estimated to be 367 million in FY 1988 dollars. The table also
provides the estimate for increasing the capacity of the pretreatment process
to support the 100 kg/h melter. Since dissolution and complexant destruction
are the rate limiting steps in pretreatment of the waste, the cost for
increasing the pretreatment capacity was based on approximately doubling the
space and equipment requirements for dissolution and compiexant dastruction.
With these changes, the cost of $67 million increases to approximately
$100 million FY 1988 dollars.

F-4
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Figure F-1. Conceptual B Plant .
Pretreatment Facility Layout.
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Table F-1. B Plant Modifications - Transuranic Extraction

Process for Double-Shell Tank Wastes.

Sludge

. ; Complexant
dissolution )
o | | W T8
(SM) systemn (M)

Equipment, jumpers, valves, and 9.1 - 9.1 18.2
speciais
Cold side piping elect. and instr. 1.4 3.7 3.5 8.6
Remaval and disposal of existing 2.8 - 35 6.3
aquip cell mods
AJE design inspections constr. 7.3 1.9 8.9 18.1
mgmt., project mgmt,
Escalation-exciuded 0 0 0 0
Contingency 30% 6.5 1.7 7.6 15.8
Total to support 45 kg/h meiter 27.1 7.3 32,8 67.0
Increased dissolution and 34.4
complexant destruction capacity
Total to support 100 kg/h melter ~100
. PSTEF3237-Fe1
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APPENDIX G

B PLANT COMPLIANCE TO DOE ORDERS,
SEISMIC RESISTANCE, AND
ENVIRONMENTAL
REGULATIONS
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APPENDIX G

B PLANT COMPLIANCE TO DOE ORDERS,
SEISMIC RESISTANCE, AND
ENVIRONMENTAL
REGULATIONS

Because of the age of the B Plant facility, an evaluation of the
facility to meet DOE orders, seismic restrictions, and State and Federal
environmental laws is necessary. The evaluations provided in this appendix
conclude that significant cost and schedule impacts would most likely be
incurred if B Plant is used beyond double-shell tank {DST) processing and
potentially for the processing of DST wastes after the year 2000. These
impacts are due to increasing the degree of compliance with DOE
Order 6430.1A.* This appendix also concludes that further seismic evaluations
ara needed in tﬁe FY 1989 Safety Analysis Report (SAR} for B Plant. The
update of the seismic analysis from previocus analyses will determine the

combined effects of a lower source term and more stringent criteria. The
evaluation is expected to show increased seismic resistance of the B Plant

Canyon and support facilities. An evaluation of the facility’s compliance
with State and Federal environmental Taws shows that projects are currently
underway to ensure that Tiquid effluents sent to B Pond meet regulatory
requirements. Al other facility upgrades are being addressed in preparation
for pretreating Neutralized Current Acid Waste (NCAW).

*An assessment of the viability of B PLant to perform the waste
management mission was summarized in "Assessment of Double-Shell Tank Waste
Pretreatment Options," (WHC-SP-0464, Westinghouse Hanford Company, Richland,
Washington, March 1989}, subsequent to preparation of this report. The areas
investigated included (1) an evaluation of compliance with DOE, Washington
State, and federal regulations; (2) a preliminary accident analysis; (3) a
natural forces evaluation to determine the facility structural response to a
seismic event; and (4) a life-extension analysis to examine the facility for
aging effects. No issues were found that would permit 8 Plant from completing
the pretreatment mission. The viability esvaluations identified an additional
$14 million in upgrades required to bring the facility to a condition that
complies with DOE design criteria, safety, and environmental orders.
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G.1.0 B PLANT COMPLIANCE WITH DOE 6430.1A

G.1.1 INTRODUCTION

Plant features were assessed for compliance with the December 25, 1987
draft of DOE Order 6430.1A. The U.S. Department of Energy-Richland
Operations (DOE-RL) is responsible to determine the extent of compliance
required on existing facilities. In general, upgrades will be designed
under the new criteria but wholesale changes to bring existing facilities
into compliance are not required or anticipated.

G.1.2 METHOD OF EVALUATION

The review was premised on full compliance to identify all the potential
cost impacts. The safety class systems listed below are assumed to require

- full compliance in order to bracket the upper bound costs.

G.1.3 SAFETY CLASS SYSTEMS

Figure G-1 depicts the requirements and implications for “"Safety Class"
systems described in DOE Order 6430.1A. The safety class criteria represent
the most significant change in criteria since construction of the prior
generation of facilities such as B Plant. The existing B-Plant SAR
(SD-WM-SAR-013 Rev. 0, July 1985, Section 2.3) concludes that no credible
accident would result in & violation of offsite release 1imits. Hence, from
the ' standpoint of environmental release, B Plant may not have many safety
class systems. Specific safety class items are required in other portions of

G-4



All systems

{

Failure will cause:
No
Lritteality
1300-2.2

-Environmantai release or
-Loss ofstack monitaring ar
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Examples of Safety Class

Primary Secondary

Process call wall Crane restraint
Yes System is Process HVAC  Vent Ex. spray

| *Safety Stack monitoring Supply Ex. fan

Class” Pipe encasement and duct
Exhaust stack -
Fire dampers
far 5. C. Zone

Apply Single

IMPACTS -

Safety class systems are redundant and separated tc preclude a
common-avent failure

| Failure Criterion
1300-2.3

Apply Dasign Basis

Safety ctass systems (applies to both redundant systems) must
sither: {1) withstand DBF via protection (insutation, encasement,

Fira (define DBF far
each room)

Apply Design Basis

! etc.}{2) be separatad into differant fire zanes or (3) be protected
by hardened sprinkier system

Safety class systems {applies to both redundant systems) must:
{11 withstand OBE (SSE) and operate after O8E (2) Failure of

e Earthquake
G111-99.04

»|. APPly Design Basis

| nonhardened system can not cause failure of safety
class (3 ovar 1)

1) structure withstands forces (2) tarnado dampers an HVAC

Tornado
0111-99.02

Apply Design Basis

e

(1) Safety class systams (applies to both redundant systams) on
emaergency power {2} redundant emergency generators

Joe- Powaer Failure

o Apply Aircraft

71 separated by DBF barrier or equipped with hardened sprinklar

{1} harden confinement structures such as cell roof (2) harden

o 0111-99.08

| extericr walls containing safaty ¢lass systems

{1) HVAC design to accomadate dust {2) roof Ioading raflects
extra loading capacity

Y

Apply Design Basis
Ashfall

Figure 8-1.
Safety Class

Y

Assassment of 00E Order 65430.1A
Systems.
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Safe Class System

Zone I Confinement System
(including HVAC and Structure)

Stack Monitoring
Instrumentation

To achieve and maintain
safe shutdown

Monitor HVAC Zone
differential

Supporting Safety Class

For fire protection of
other safety class systems

Control Rooms or Areas occupied

during and after Design Basis

" Accident (DBA) conditions

{HVAC, Instrumentation)

Fire Protection System
supporting above safety class

the criteria which are not negotiable or tied to an analysis. They are as

Reference in 6430.1A

1300-7.2, 1530-99.0,
1323-5.2

1300-7.2

1300-7.2

1660-99.0.2
1300-7.2

1660-99.0.2

1600-99.0.7

1538-99.0

R
"1

The operation of these safety class systems through the design basis
accidents listed in Figure G-l implies seismic and tornado hardening, hardened
emergency power, redundant components (fans), redundant power supplies,
redundant control circuits, and hardened fire protection.

- G.1.4 COSTS

Table G-] lists the actions necessary to bring B Plant into a2 maximum
degree of compliance with DOE Order 6430.1A. The costs shown are rough
estimates obtained through discussion with cognizant personnel. Design media
does not exist to support the costs since none of the actions have been
studied in any detail.
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Table G-~1. Summary of B Plant Compliance
Impacts (6430.1A).

ggéi?g;a Action Cost (M)
0111-95.0.4 Upgrade Building Shell for Seismic 50
1300-1.3 Reduces Process Sampling to ALARA 0.5
1300-1.3 Hardened Emergency Generator 1
1300-5.5.1 Radiation Monitoring on UPS 0.1
1300-6.1 Line 20 Additional Cells 20
1300-6.2 Redundant Power to HVAC Fans 1
1300-56.2 Seismic Upgrade Zone ] Fans, Duct & Stack 10
1300-8 Hardened Liquid Effluent Monitoring 1
1323.4.4 Closed Loop Cooling/Heating for Process 30
1530-8.3.4 Add 3Smoke Detectors .
1530-9 Dedicated Fire Water Storage for CAT I Sprinklers 0.5
1530-99 Separation of Redundant Safety Class Systems 10
1530-99 Hardened Fire Protection for Safety Class Systems 10
1530-99 Fire Protection for Operating Galleries ‘ 2
1530-99 Redundant Fire Detection for Process Confinement 0.2
1540-99.0.1 Post DBA Cooling and Heating Water for S.C. 0.5
1540-99.0.1 Hardened Water Supply 0.5
1540-99.0.1 Two Sources of Motive Power for Cocling Water 0.1
1550-99.0.2 Hardened Supply Air to Control Room/Gallery 5
1660-99.0.2 $.C. Instrumentation is DBA Resistant and Redundant 5
1660-99.0.4 Redundant Instrumentation is Separated or Protected 5
1660-99.0.4 Hardened Control Areas/Rooms 5
160M

Use 100M - 2Z50M
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G.1.5 CONCLUSION

B Plant compliance with DOE Order 6430.1A is determined on the basis of
engineering judgement and technical justification. Operation of B Plant for
a 6 yr DST mission would not warrant incorporation of new requirements.
However, a longer term mission for a facility built in 1945 should include
upgrades to meet modern criteria commensurate with a new facility. The cost
of these upgrades would fall in the $100 M to $250 M range and the schedule
outage for construction would be 3 to 5 yr. Missions beyond DST processing
should definitely address these cost and schedule impacts and be compared to
construction of a new faciiity.

G.2.0 UNCERTAINTIES RELATED TC B PLANT
SEISMIC RESISTANCE

One structural evaluation of the T Plant and B Plant canyons was
conducted by URS/Blume in 1974. Four analyses have been conducted by
J. A. Blume between 1974 and 1981 for PUREX which is a canyon facility similar
to B Plant. These analyses were premisaed on yielding of the reinforcing
steel rather than the concreta,

At B Plant, the reinforcing steel was predicted to yield at a 0.017 g
earthquake (.25 g/15). At PUREX, the reinforcing steel was predicted to
yield at a 0.04 g earthquake (.25 g/6.27). Further PUREX evaluations
predicted that rebar yielding limits would be reached at a 0.15 g earthquake.
The Safe Shutdown Earthquake (SSE) is .25 g and would result in stresses 15
times the rebar tensile strength at B Plant. The margin between damage to
the rebar and total collapse is unknown.

A second method of analysis planned for this fiscal year is premised on
the tensile strength of the concrete rather than the rebar. Rebar densities
in the 200 Area canyon buildings (including B Plant) are low, suggesting that



SD-WM-TA-C15 REV 0

the initial studies premised on rebar strength, may be too conservative.
Preliminary Westinghouse Hanford Company {WHC) studies indicate the SSE would
overstress the concrete by a factor of 1.5 to 3. This compares to rebar
overstress factor of 15 for B Plant in prior analyses.

It is anticipated that the existing structures can be shown to withstand
a substantially larger earthquake than previously concluded. The capability
to withstand the SSE is not known, but it may be possible to show that the
structures, while incurring major structural damage, could survive the SSE
without colTapsing.

The following can be concluded en the seismic issue is:

1. Previous safety evaluations of B Plant have concluded that radiation
releases as a result of the collapse of the B Plant Canyon were
within acceptable risk guidelines of that time (consequences as
presented would exceed present guidelines however). The source
term for the pretreatment mission is lTower as shown in the table

below. The net effect of more stringent criteria and a Tower source
term will be quantified in the next revision to the B Plant SAR to

be conducted in FY 1989.

Present SAR Future SAR
" CAN o " NCAwll
90Syr in feed 44.5 Ci/gal 13.9 Ci/gal
137Cs in feed 49.5 Ci/gal 11.8 Ci/gal
Cell 27 Organic 1 Ci/gal t37Cs 1073 Ci/gal 24!Am

2. Further evaluations are proposed that are expected to show increased
seismic resistance of the B Plant Canyon and support facilities.

3. Construction of a new facility would offer assurance against an SSE
induced collapse that cannot be fully guaranteed for B Plant.

G-9
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G.2.1 REFERENCE

Letter, 1987, "Assessment of Past Seismic Evaluation of 200 Area Canyon
Facilities," {SA:GRW: 87-171, Structural Analysis to R. M. Marusich,
October 22, 1987).

G.3.0 STATE AND FEDERAL ENVIRONMENTAL LAWS

Consultants have been employed between August 1987 and April 1988 to
review B Plant for compiiance with the following laws:

Resource Conservation and Recovery Act (RCRA)

Clean Water Act (CWA)

Clean Air Act (CAA)

Toxic Substances Control Act (TSCA)

Federal Insecticide, Fungicide and Rodenticide Act (FIFRA)
Comprehensive Environmental Response, Compensation and Liability
Act (CERCLA)

o Safe Drinking Water Act (SODWA).

The assessments show B Plant fundamentally in compliance with
requirements for removal of nonradioactive dangerous waste from the plant in
containers and for air emissions. Areas of noncompliance were largely
procedural and administrative. Liquid discharges to the soil represent
significant area for upgrade. The streams at issue are:

Stream Discharged Via
Chemical Sewer , 216-B-63 Trench
Steam and Process Condensate 216-B-55,-62 Cribs
Cooling Water Discharge B Pond

G-10
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Several NCAW pretreatment upgrade projects are intended to address these

streams:

W-007

W-010

W-004

W-008

B Plant Process Condensate Treatment Facility $§14.7 M,
FY 1990 LI (provides reverse osmosis/ion exchange treatment of
BPC condensate)

B Plant Environmental Compliance Upgrades $3.5 M,
FY 1990 LI (in combination with W-C04, protects chemical sewer
from spills/drainage of toxic chemicals used for process makeup)

B Plant AMU Environmental Upgrade $1.05 M, FY 1989 GPP (protects
chemical sewer from 3rd floor AMU spills and drainage)

B Plant Chemical Sewer Neutralization System $1.0 M,
FY 1988 GPP (provides collection sampling and neutralization for
chemical éewer)

Completion of these projects will provide engineered barriers and
instrumentation to ensure the liquid effliuents sent to B Pond from B Plant

will meet regulatory requirements. Due to existing contamination in B Pond,
2 motive exists to replace or upgrade the pond to prevent further spread of
contamination through the soil to the ground water.

In summary, B Pond replacement appears to be the only outstanding issue
currently identified that could require significant additional funding to
comply with state regulations. B Pond replacement costs should not exceed

10 M if such a project is needed.

It does not appear that these environmental

laws would prohibit sending water {within acceptable toxicity limits) to a

pond.
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Waestinghousa Hanford Company

DISTRIBUTION SHEET

Fram Aage ]. of 2
Distribution Wasta Management Planning Section |oate
Aropact Title/wWark Qrder EDTNo, 112524
Process and Facility Options for Pretreatment of Hanford Tank Waste [ecnno
wo |t | S |

Jepartment of Energy (DOE)
G. J. Bracken A6-80 X
R. W. Brown A5-51 X
R. E. Gerton A6-80 X
G. W. Rosenwald A6-80Q X
Pacific Northwest Laboratories (PNL)
J. L. Buelt (2) p7-44 X
Westinghouse Hanford Company (WHC) X
J. N. Appel R2-0Q7 X
® A, Austin R2-75 X
.« A. Augustine R2-23 hd
W. B. Barton S6-70 X
R. J. Baumhardt R2-40 X
A. L. Boldt R2-11 X
H. F. Daugherty R2-53 X
G. L. Dunford. R1-51 X
J. §. Garfield R1-17C X
M. L. Grygiel S6-65 X
0. W. Hamilton X§-32 X
J. 0. Honesyman R3-63 X
N. W. Kirch R2-12 X
M. J. Kupfer(10) R2-11 X
D. E. McKenney R2-11 X
G. A. Meyer R2-28 X
P. D. Mix S6-65 X

J. Murkowski S6-63 X
s. E. Opitz R1-19 X
J. V. Panesko R2-11 X

A-5500-735 1237
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Westinghouse Hanford Company

DISTRIBUTION SHEET

From Page__ 2 of 2
Bistribution Waste Management Planning Section |pare
Project Title/Waork Oraer EDTNo. 112524
Procass and Facility Options for Pretreatment of Hanford Tank Waste ECN No,
e =R

Westinghouse Hanford Company (continued) -
0. E. Place $6-70C X
I. E. Reep $6-65 X
C. R, Reichmuth R1-19 X
H. H. Rode R3-48 X
R. A. Smith 82-04 X
0. A. Turner R1-10 X
J. E. Van Beek R1-48 X
0. J. Washenfelder R1-43 X
F. T. Weber B2-10 X

: D. Wodrich R2-23 X
J. C. Womack R2-18 X
G. D. Wright B2-06 X
Central Files (2) L8-04 X
Qacumentation Servicas (4) L8-15 X
PubTications Services (2) R1-08 X

A-8000-135 (12/87)
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